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SECOND-GROWTH HARDWOODS IN CONNECTICUT. 


SCOPE OF THE STUDY. 


In dealing with forests among the essential things to know are the 
rate at which they grow, the value of the standing timber for 
different uses, and the method of management which will give the 
maximum yield of most valuable material in the shortest time. To 
tell these things for the forests of Connecticut, especially for the pre- 
dominating types—second-growth chestnut, oak, and mixed hard- 
woods—is the purpose of this bulletin. The results given were derived 
from field work carried on by the Forest Service durmg the summer of 
1910, in cooperation with the Connecticut State forester, Mr. S. N. 
Spring. As a means of preparing yield tables for second-growth hard- 
wood stands, which would show the number of cords, ties, poles, or 
board feet of lumber obtainable from stands of different qualities at 
the end of any given number of years, more than 250 sample plots, 
ageregating about 65 acres, were laid out in even-aged stands at 
various places throughout the State, the trees carefully measured, 
and the total volumes determined. For determining these last, 
volume tables for oak and chestnut were prepared from measurements 
of the actual contents of 400 felled trees, together with 552 similar 
measurements previously made in adjacent portions of New York by 
Mr. J. G. Peters, of the Forest Service. Information was also 
gathered concerning the prevailing market conditions and the costs 
of logging, from stump to market, for all the principal products of 
Connecticut woodlots. From this information an attempt has been 
made to derive reasonable stumpage values, which would prove more 
just to owner and purchaser alike than the haphazard methods of 
sale now commonly inuse. These values approximate an average for 
the State, and wouid not necessarily apply to any specific timberland. 
No such general calculations could, in fact, take account of all the 
varying factors which enter into the computation of stumpage value 
in any given instance. They should serve, however, to illustrate a 
practical method of arriving at the true present market values of 
forests. | 

Data were secured in regard to the effect of thinning to increase the 
rate of growth, and permanent sample plots were established in which 
the growth in thinned and unthinned stands can from time to time 


be accurately measured and compared. 
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The chestnut-bark disease, now so prevalent in Connecticut, pre- 
sents a serious problem to owners of woodlands. Although it must, 
of course, be reckoned with in the management of stands containing 
chestnut, no detailed discussion of it is attempted in this bulletin. 
For information on the disease readers are referred to Farmers’ 
Bulletin 467, of the U. S. Department of Agriculture, ‘‘The Control 
of the Chestnut-Bark Disease.”’ 

Part I of the bulletin deals briefly with present forest conditions in 
Connecticut; Part II considers market conditions, logging cost, and 
the value of standing timber; Part III, the yield of different types 
and qualities of forest; and Part IV methods of management. The 
Appendix contains volume tables for oak and chestnut. 


PART I.—PRESENT FOREST CONDITIONS IN CONNECTICUT. 
FOREST RESOURCE. 


Few of Connecticut’s resources have compared in usefulness with 
its forests. Not only have they yielded directly a great and increas- 
ing quantity of railroad ties, telephone and telegraph poles, lumber, 
and other products, but indirectly they have been perhaps the chief 
factor in the success of some of the State’s most valuable industries. 
One of these, brass manufacture, owes its present supremacy largely 
to the cheap, abundant, and constant supply of wood fuel. Lime 
and charcoal burning, brick manufacture, and other important indus- 
tries have in like manner profited from the forest. An immense 
amount of firewood is used annually for household consumption. 

Compared with the production of fuel wood, the lumber output of 
Connecticut is remarkably small. Thus, in 1908, while the lumber 
cut amounted to 137,855,000 board feet, valued at $2,352,186, the 
total firewood consumption in the State was estimated at 495,370 
cords, which, at an average price of about $4.45 per cord, had a value 
of $2,204,805. Assuming 2 cords to the 1,000 board feet—a con- 
servative equivalent—the fuel wood consumption is comparable to a 
lumber cut of 247,685,000 board feet. It is thus apparent that while 
the cordwood cut was almost 80 per cent greater than the lumber 
cut, its actual value was about 64 per cent less. The drain put upon 
the forest for cordwood is far in excess of that for all other uses 
combined. 

It is not, however, in the mere quantity of wood removed that this 
drain is most serious. Almost all of the cordwood cut consists of 
small and rapidly growing trees, of relatively small present worth, 
but capable of furnishing within comparatively few years poles, lum- 
ber, or other products of greater value than cordwood or even than 
ties. Disregard of this potential value of the forest inevitably results 
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in wasteful use, and deprives State and owner of the just returns on 
their woodland investments. 

Connecticut, like most of the other Northeastern States, imports 
much the greater part of its lumber. The sources from which this is 
obtained are themselves rapidly becoming depleted, and with the 
advancing lumber prices which mark this decline the home production 
of lumber will increase in attractiveness to timberland owners. 


TOPOGRAPHY, CLIMATE, AND SOIL. 


The productive capacity and consequently the value of Connecti- 
cut forests are to a great extent dependent upon the topography, soil, 
and climate of the State. A general idea of these is necessary before 
the producing value of the woodlands, which varies with the character 
of the situation, can be clearly discussed. 

Connecticut may be briefly described as a broad, central lowland, 
extending in a general north-and-south direction, and limited on the 
west and east by high and often steep ridges and ranges of hills, south- 
ward extensions of the great highland region of northern New Eng- 
land. At places throughout the plain there are precipitous dikes of 
trap rock, which rise conspicuously above the general level. In alti- 
tude the central valley lies mostly below 100 and 200 feet, except for 
the trap dikes, which in some cases rise to 700 feet. The eastern 
highland rarely exceeds 500 feet in altitude. Along the western ridge, 
however, elevations range in the south from sea level to 500 feet and 
farther north from 1,000 to over 2,000 feet at the tops of ridges and 
peaks. The greater part of the State is drained by three large river 
systems—the Housatonic, with its tributary, the Naugatuck, in the 
western highland, the Connecticut in the central valley, and the 
Thames in the east. 

The soils are mostly of glacial origin, and present a great variety of 
conditions. In the highlands every degree of fertility, from shallow, 
stony, untillable land to sandy or clayey loam of high productive 
value, may often be found within a small area. Except in the central 
valley the soils are almost universally rocky, a condition which greatly 
lowers the agricultural value of otherwise fertile land. In the high- 
lands the best soils are on the tops of ridges, where there are often wide 
stretches of exceedingly productive farm land. In the central valley 
also the soil is for the most part fertile and produces excellent crops 
of tobacco, grains, and fruits. Over one-third of the State, however, 
is unsuitable for agriculture, either through poor soil or broken and 
steep topography. 

- The climate of Connecticut is moderate. Late spring frosts often 
damage the fruit crops, but winter temperatures are not, as a rule, 
excessive. The annual rainfall amounts to about 47 inches. 
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The woodland and brush area of Connecticut is estimated to be 
nearly one-half the total area of the State, or about 2,500 square 
miles. Practically the whole of the woodland has been cut over re- 
peatedly. Along the northern border there still exist a few small 
virgin stands of white pine and one excellent stand, only 200 or 300 
acres in extent, of hemlock, maple, beech, yellow birch, and other 
northern hardwoods. But aside from these the present forests of 
Connecticut have sprung up after the removal of the original virgin 
stands, or after the abandonment of farm lands, and are known as 
‘“‘second growth.” This term is of course a misnomer, since the 
stands are’rarely the second, but often the third, fourth, or even far- 
ther removed crops from the original forests. The term has gained 
sanction by common usage, however, and will be used in this report 
to mean any stand, however old, which has sprung up after lumber- 
ing, clearing for agriculture, or fire since the first settlement of the 


State. 
SECOND-GROWTH TYPES. 


The second-growth stands may be divided into swamp types and 
upland types. The swamp types may further be divided into hard- 
wood types and a cedar type. The hardwood swamp types contain 
ash, elm, maple, black gum or ‘‘pepperidge,” swamp white oak, yel- 
low poplar or ‘“‘whitewood,”’ and other valuable moisture-loving 
species. The cedar type is so named from the presence of white cedar 
(Chamecyparis thyoides (L.) B. S. P.), either in pure stands or in 
mixture with other species. Although often valuable locally, these 
types occupy a relatively small portion of the forest area and will not 
be considered in this study. 

The upland second-growth types comprise three distinct classes— 
(1) white pine, (2) old field, and (3) even-aged hardwoods. 


WHITE PINE. 


Second-growth white pine stands are quite numerous, especially in 
the northern and eastern portions of the State. They are usually 
dense and even-edged, and result from the seeding of abandoned 
fields by white pine trees in the vicinity. There are also many plan- 
tations of white pine in the State, a few of which have already reached 
merchantable size. Though very limby, second-growth pine is 
already valuable and promises to become more so, especially for box 


boards. 
OLD FIELD TYPE. 


As its name implies, this type results from the seeding of aban- 
doned fields by various trees, but chiefly gray birch and red cedar. 
These two species are, as a rule, the advance forest growth over old 
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fields, with birch more conspicuous in some places and cedar in others. 
Sooner or later other and more valuable species begin to appear be- 
neath or between them, and, if left alone, the forest ultimately de- 
velops into the prevailing mixed hardwoods type. Since the refor- 
estation of an abandoned field rarely becomes complete in less than 
50 or perhaps 100 years, the resulting stand is of very uneven age. 
All stages in the transition from field to merchantable forest may be 
found: First, the advance growth of birch, cedar, and shrubs of va- 
rious kinds; then crowded mixtures of these with young trees of more 
shade-enduring species, fighting vigorously for light and growing 
space; and, finally, the stand of oaks and chestnut. Once cut over, 
this becomes the characteristic even-aged woodland. 


EVEN-AGED HARDWOODS. 


Even-aged hardwoods may be termed the characteristic forest of 
Connecticut. These types are, from the standpoint of forestry, 
at once the most valuable and the most interesting in the State. 
From them, all but a small portion of Connecticut’s domestic wood 
supply is obtained. The tree above all others which has contrib- 
uted to this production is chestnut. Fully one-half of the standing 
timber in Connecticut is of this species. Chestnut is practically 
the only tree in the State used for telegraph and telephone poles; 
it furnishes the greater part of the supply of railroad ties; and is the 
principal source of firewood. Next to it m importance are the 
oaks, principally the black oaks. Among the other species which, in 
less abundance, enter into these types are hickory, red maple, white 
ash, and, of less importance, aspen, cherry, butternut, and basswood. 

The value and, in fact, the very existence of second-growth hard- 
wood stands depends largely upon the prolific sprouting capacity 
of the species which compose them. Much the greater part of the 
present Connecticut forests originated from sprouts. This is par- 
ticularly true of chestnut. Indeed, there is reason to believe that 
the amount of chestnut in Connecticut has increased since cutting 
began, chiefly through its prodigious sprouting capacity combined 
with its rapid growth. 

One of the most striking features of these types is their evenness 
of age. ‘This is the result of the common practice of clean cutting, 
together with abundant sprouting capacity. Where there is a 
cordwood market, lumber, tie, or pole operations are usually followed 
by cordwood choppers, who utilize the logging waste and the smaller 
trees left by the loggers, and thus complete the total removal of the 
stand. During the ensuing spring, provided no fire occurs, prac- 
tically every chestnut stump and most of the smaller stumps of 
oak and other species send up quantities of rapid-growing sprouts, 
which, in the course of five or six years, close together and form a 
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more or less uniform crown canopy. Since oak and chestnut do not 
stand shade well, the shorter trees which are shaded by their neighbors 
soon begin to die out. As the survivors increase in size they decrease 
in number, and it is always the larger trees, whose crowns still 
receive plenty of light, which continue to develop. Sprout stands 
of chestnut and oak do not cast a heavy shade, and usually admit 
to the forest floor enough light to maintain an understory of such 
shade-enduring trees as red maple, black birch, hickory, and beech, 
and numerous shrubs. As a rule, however, the trees grown in such 
shade are slender and too poorly developed to succeed if the main 
stand of chestnut and oak were removed. Chestnut and black or. 
red oak reproduction is impossible under the normal shade of the 
older stand, and although seedlings and sprouts may appear, they 
are unable to attain merchantable size, except in chance openings 
in the crown canopy. ‘This, and the rapid production of even-aged 
sprout stands, make clear cutting the rule among owners of Con- 
necticut woodland. 

The ordinary logging operation in Connecticut, however, involves 
much waste which might easily be avoided. This occurs not only 
in the failure to utilize all the usable portion of the stand after it is 
felled, though this is only too often the case, but in the loss through 
natural death and decay of the trees killed out in the competition 
for ight and growing space. By systematic thinnings at intervals 
of 5 or 10 years, after the stand has become of merchantable 
size for cordwood, this loss not only can be almost entirely pre- 
vented, but the growth of the remaiming trees can be greatly accel- 
erated and the yield of the stand increased both in quantity and in 
quality... There is also danger of waste through ignorance of the 
producing capacity of a woodland and failure to decide upon the 
most remunerative product for-exploitation. 


PART II.—MARKET AND STUMPAGE. 
SELLING TIMBER “BY THE LOT.” 


The average woodlot owner of Connecticut has only a vague idea 
of the actual value of his timber. His sales are usually made “‘by 
the lot,’ and he receives a lump sum for all the timber on a given 
area with little regard to the exact amount and value of the different 
products obtainable. Not only are both owner and purchaser in 
many cases ignorant of even the approximate yield per acre, but 
they fail to consider probable expense of logging and manufacture. 
A striking example of loss to the owner which may be entailed by 
such haphazard methods is that of a sale six or eight years ago of a 
“lot” of virgin hardwoods for $2,200. The purchaser cut from it 


1 Objects and methods of thinnings in mixed hardwood stands are discussed in Part IV of this bulletin. 
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white oak which brought him $2,000, held the land four or five years, 
and finally sold it for over $10,000. Doubtless this is an extreme 
case, but there are many which, while not involving as large an 
amount of profit and loss, have yet failed to net the owner anything 
like the true value of his timber. 

The sale value of timber, as of any other raw material, is the 
market value of the finished product less the cost of production and 
a reasonable profit. In the following chapters of this part of the 
bulletin there will be discussed the market value of the various 
products of Connecticut forests, the costs of getting them from the 
stump to the market, and derived from these two factors the approxi- 
mate value of the standing timber (stumpage value) for each of its 
principal uses. 


MARKET VALUES AND USES OF NATIVE FOREST PRODUCTS. 


LUMBER, BY SPECIES. 


The amount of lumber annually brought into Connecticut from 
other States greatly exceeds the annual cut in the State itself. 
Yellow pine from the South, cedar and fir from the Pacific coast, and 
white pine and spruce from northern New England form the bulk 
of the imports, though a considerable amount of hardwoods, including 
chestnut and oak, is also brought in. 

In 1909 the lumber cut for Connecticut exceeded that for any 
previous year of which there is record. Table 1, compiled by the 
Bureau of the Census, gives the production of lumber in that year 
by species. 

TABLE 1.—Lumber cut of Connecticut, 1909. 


Board feet. Board feet. Board feet. 

Wihite pine. 2. ..22- 30, 579, 000 34, 246,000 || Cherry.......-.-_.-. 159, 000 

Hemlock.........-..| 11,177,000 3,924, 000 || Butternut........-- 60, 000 

Yellow pine.........| 2,152,000 , 442, 000 || Tupelo (black gum). 54, 000 

SIDEUCES Ss nae ee 262, 000 1,684, 000 || Sycamore....-..-.-- 10,000 

Cedar ewan: sae to. 78, 000 , 361, 000 —————___— 

AI SATE T Mee ees” 1,000 804, 000 Total hardwoods | 124, 122, 000 

SEE ere eee | 745, 000 —— 

Total softwoods.| 44,249, 000 | 476, 000 TRO teil) eae pene 168, 371, 000 
Chestnut........-..-| 77,604, 000° 186, 000 


Chestnut, it will be seen, comprises over 46 per cent and oak over 
20 per cent of the total cut, while they, with white pine and hemlock, 
form more than 91 per cent of the total. 

The following are the principal uses and market values for six of 
the leading kinds of lumber cut in the State: 

Chestnut.—Native chestnut lumber is used very largely for bridge 
and car construction and in building. It also finds use as interior 
finish, furniture, molding, and cabinetwork. Because chestnut is so 
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extensively used for poles, ties, planks, and heavy short timbers, 
cabinet manufacturers and others using finishing lumber find it well- 
nigh impossible to obtain seasoned and well-graded stock of sufficient 
length for their needs and are compelled to import their chestnut, 
often from distant points. This inability to obtam domestic lumber 
in proper size and quality is due largely to the owners of wood lots, 
who prefer to supply the constant demand for cordwood, ties, and 
switch timbers rather than to grow higher-class material for a less 
certain market. Lumber is usually a secondary consideration. That 
which they cut is usually in short lengths, ungraded, unseasoned, 
and likely to be narrow or knotty. It is sometimes hard to dispose 
of such material for $14 per thousand board feet. Much excellent 
stuff is cut, however, in the form of short bridge plankmg and 
car stock. 

’ The ordinary wholesale values for native chestnut lumber and 
planks range from $18 to $25 per thousand board feet. Extra wide 
and long lumber brings a much higher price, and by grading and sea- 
soning it is more fn likely that $40 could be obtained for chestnut 
lumber 3 in New York, if not in Connecticut. From the development 
of such a market another for the lower grades could be expected. 
Hitherto these have too often proved a drug on the market sufficient 
to nullify the highest prices received for the best grades. 

Oaks.—Oak timbers are widely used in car construction for head 
sills, bumpers, and box-car frames, and the like, for which their 
superior strength adapts them. For main sills southern yellow pine 
is used, since oak of sufficient length can rarely be obtained in the 
State. Oak plank is in demand for wagon stock and steamer paddle 
box buckets. Oak is the principal wood used in wheel manufacture, 
and it also finds place for furniture, interior finish, handles, picker 
sticks for looms, and a number of other purposes. Because of its 
wider usefulness, oak lumber has a higher market value than chest- 
nut. In general, it brings from $25 to $35 per thousand board feet, 
although short car oak ordmarily ranges from $24 to $20, and even 
less, per thousand. White oak is, of course, much the most valuable 
species; $30 per thousand feet is probably about the average whole- 
sale price for white-oak planks and lumber, though dealers often 
recelve as much as $40 or $45 per thousand for the best white oak 
plank up to 18 feetinlength. ‘‘ Rock” or chestnut oak lumber, which 
closely resembles white oak, is somewhat less valuable than the latter. 
For “‘yellow”’ or black oak and red oak lumber, $25 per thousand is 
about the average. 

White pine.—White pine lumber, unedged, knotty, and in short 
lengths and small sizes, finds a market as box boards, and brings from 
$12.50 to $16 per thousand wholesale. Square-edged white pine 
lumber usually sells wholesale for from $20 to $30 per thousand. 


Bul. 96, Forest Service, U. S. Dept. of Agriculture. PLATE Il. 


Fig. 1.—TYPICAL CLEAN CUTTING FOR CORDWOOD IN FIRST 
QUALITY ROCK OAK (RIDGE) TYPE. 


Fig. 2.—DENSE WHITE PINE REPRODUCTION IN OPENING IN STAND OF MIXED PINE AND 
HARDWOODS. 
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Hemlock.—The cut of hemlock in the State is relatively small and 
unimportant. Much of it is used locally for general construction 
purposes. Retailed it brings from $17 to $26 per thousand board 
feet. Asmall amount of hemlock bark is consumed in the State for 
tanning. 

Ash.—Ash is used for wagon stock, picker sticks for looms, furni- 
ture, hockey sticks, rake and shovel handles, and the like. It is 
bought by factories for from $25 to $30 per thousand, though it occa- 
sionally retails as low as from $20 to $22. : 

Hickory.—Nearly all the hickory used in Connecticut for carriage 
spokes is imported, since the native timber is too small and too limby 
for the purpose. For automobile spokes, however, it finds a ready 
market, and factories buy it in the form of short-spoke bolts or in 
plank, paying usually from $30 to $40 per thousand. Native hickory 
is also manufactured into hockey sticks, tool handles, and picker 
sticks for looms. 

TIES. 


The market for crossties in Connecticut is remarkably steady. 
Ties are purchased by railroads at any point along their rights of way, 
which often very materially shortens the length of haul. The New 
York, New Haven & Hartford Railroad in its published specifications, 
dated January 1, 1909, distinguishes three classes of 8-foot ties, 
“Class I,” ‘Class II,” and 7 by 9 inch ties. In addition, 7 by 9 inch 
switch timbers, sawed square, are purchased in lengths designated 
in special orders. 

Class I and Class II ties must be of chestnut or of white, ‘‘yellow”’ 
(black), or ‘‘rock”’ (chestnut) oak. Class I ties, if sawed on all four 
sides, must have at least.8 inches face and 6 inches thickness; if flat- 
tened on only two sides, they must have 6 inches or over face and be 
6 inches thick. In the first case they obviously contain 32 board feet 
apiece and run 314 to the thousand board feet. If flattened on only 
two sides, with 6 inches face, the Class I tie contains a little over 30 
board feet, and about 33 ties are equivalent to a thousand board feet 
of lumber. The railroad pays 50 cents apiece for first-class ties, a 
price equivalent to about $16 per thousand board feet. 

Class II ties must have not less than 5 inches face and 6 inches 
thickness, and must not exceed 10 per cent of the total number of 
Class I ties aceepted. Flattened on two sides they ordinarily con- 
tain less than 27 board feet and run about 38 to the thousand. They 
bring 30 cents apiece, or about $11.40 per thousand board feet. 

The heavy 7 by 9 ties must be of chestnut, 7 by 9 inches square if 
sawed on all four sides, or with 7 inches face and 7 inches depth if 
sawed or hewed on only two sides. If square, such ties contain 42 
board feet apiece and run about 23.8 to the thousand. If flattened 

23329°—Bull. 96—12——2 
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on only two sides they contain about 37.7 board feet, and run about 
26.5 to the thousand. They bring 72 cents apiece, a price, assuming 
them to contain an average of 40 board feet, equivalent to $18 per 
thousand. 

Switch timbers must be of chestnut and be sawed on all four sides. 
In 8-foot lengths they would be identical with 7 by 9 inch ties sawed 
on all four sides. They are purchased by the thousand board feet 
and must be loaded on cars and invoiced like ordinary lumber. At 
present their usual price is $20 per thousand board feet. 


POLES. 


A fairly steady market for poles is offered by telephone, telegraph, 
and electric power companies. Poles must be of sound, well-propor- 
tioned chestnut, reasonably straight, without unsound knots, and 
with all knots trimmed close. They are purchased on the basis of 
length up to a circumference of 22 inches (diameter of 7 inches) and 
must conform to the specified circumference from 5 to 6 feet from the 
butt. Some of the pole-using companies publish price lists for poles 
of specified sizes, while others arrange prices with individual owners 
or contractors. 

The prices offered for poles vary considerably from year to year, | 
Between 1906 and 1909 the average price paid for poles by one com- 
pany showed a steady increase of 35 per cent. The average prices 
paid for poles of different lengths by this company in 1909 were 
approximately as follows: 


20'feet long.2-..- 2: - $1. 20 | 35 feet long.......-- $4. 10'| 50 feet long.......-- $9. 00 
25 feet: long....-.... 1.90 | 40 feet long......-..- 5. 30 | 55 feet long.......-- 12.10 
30 feet longs_.---4:. , 3:00)) 4odeet long: 2s22e22< 6. 90 | 60 feet long. .-....-- 15. 00 


It is probable that over 90 per cent of all poles used in the State are 
under 40 feet in length. Contractors often obtain poles for prices 
considerably less than those just quoted, especially in localities 
which, in the owner’s opinion, are too far from market to make other 
kinds of logging profitable, but where the poles can be delivered along 
trunk lines close to the woods with but a short haul. Thus, 35-foot 
poles are sometimes’ sold for from $2.20 to $1.75, or even less. In 
some places $1.50 is considered a standard price for a 25-foot pole, 
and $1 is added for every 5 feet in addition up to 40 or 45 feet. At 
Putnam, in the northeastern part of the State, the price of poles 
delivered ranges about as follows: 


25 feet long..2 2020.52.55. $L..00 to$2./00)|740 feet lomgns 2 eee $4. 25 to $5. 00 
a0teet long. syste .) 2:25 sto #200) 45 teet lonasss cee ree ae . 5.75 to 6.50 
ao feet. long....\...2-c2-! 2. . 3.25 to: 4.00 | 


In this report the prices first quoted will be used, since they rep- 
resent a fair average of the maximum prices prevailing at present. 
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CORDWOOD. 


Cordwood has a smaller market value, volume for volume, than 
any other of the principal forest products. Although it is used for 
fuel all over the State and markets for it exist in all the larger towns 
and cities, it is so abundant that the sale price often barely covers 
the cost of getting it to market. Except near large towns, a haul of 5 
or 6 miles is usually sufficient to make cordwood cutting unprofitable. 
The annual waste of good cordwood material in tops and limbs left 
in the woods after the removal of lumber, ties, and poles is often 
enormous. In one case this loss was estimated at 10,000 cords per 
year for an area less than 10 miles square.' 

Much of this waste can be avoided by coaling the wood in the for- 
est, when the reduced weight of the charcoal permits of longer hauls 
with profit. Charcoal burning has declined of. late years, because 
of the large substitution of coke for fuel in iron manufacture and of 
the importation of charcoal from other States. In many parts of 
Connecticut, however, charcoal burning still goes on, chiefly at points 
too far from market for cordwood to be hauled profitably. 

The principal species used for cordwood are chestnut, oaks, maple, 
hickory, and gray birch. Of these, hickory has the highest fuel 
value, and near cities sometimes sells for from $7 to $8 per cord whole- 
sale, cut in 4 or 5 foot lengths. Birch is ordinarily of little value 
because of its liability to decay and brings a price of from $3 to $4 
per cord. It is excellent, however, for burning in open fireplaces, 
and sometimes sells for as much as $7. Maple, chiefly ‘‘soft,” 
“swamp,” or red maple, sells at from $3.25 to $4.75 per cord whole- 
sale, oak at from $3.50 to $5, and chestnut at from $3 to $4.25. 
‘“‘Mixed hardwoods,” mostly oak and maple, usually bring from 
$3.50 to $4.75 wholesale. Wood delivered directly to the consumer 
brings more, of course, than when sold to dealers. 


PILES, POSTS, AND RAILS. 


Its durability makes chestnut the species best suited for piles, 
posts, and rails, though other species are also used. Piling is sold 
by the running foot to an upper diameter of 7 inches. Twenty cents 
per running foot is the common price for 40 to 45 foot piles, though 
buyers sometimes succeed in getting them for as little as 14 cents. 
Specifications for fence posts usually call for chestnut, sound and 
‘free from shakes and rotten knots, 7% to 8 feet long, with 6 inches 
top diameter, and with bark removed. They sell at from 14 to 35 
cents apiece in different portions of the State. Railing commands 
about 3 cents per running foot, delivered at side of road. It is used 
to a diameter at the smaller end of about 4 inches. 


1 Bulletin 162, Connecticut Agricultural Experiment Station, Forest Survey of Litchfield and New 
Haven Counties, p. 22. 
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LOGGING COSTS. 


The term ‘‘logging costs”’ as used in this bulletin is meant to include 
the costs of exploitation from the stump to the market. The strict 
meaning of the term logging is here extended to cover not only the 
costs of cutting and hauling logs, but also the costs of sawing lumber, 
of cutting cordwood, poles, and ties, and of hauling all classes of prod- 
ucts to the market. The most variable cost is that of hauling. 
This varies both with the amount of material that can be hauled 
per day and with the rate of wages. The amount of material which 
can be hauled per day depends upon the distance between the woods 
and the market, upon whether the wood is green or seasoned, and 
upon the character of the topography, the condition of the roads, ete. 
In arriving at the costs given in Table 2 it was assumed that an ordi- 
nary team of draft horses will not, if used daily, exceed an average 
of 18 miles—one-half of the distance with a loaded wagon—over 
average roads. The wages of team and driver ordinarily vary from 
$4 to $5.50 per day. In Table 2 the costs of hauling have been com- 
puted for different wage rates and distances. The average wagon- 
load is assumed to be any one of the following: 1,000 board feet of 
lumber, 32 first class ties, one cord of 4 foot wood, six 25 to 30 foot 
poles, four 30 to 35 foot poles or two 35 to 45 Font poles. 


TABLE 2.—Costs of hauling, with different wage rates and daily hauling capacities. 


Wage rate. 
Daily hauling capacity for 1 team. $4. 00 $4. 50 $5. 00 $5. 50 
Hauling cost per load. 
Vload 2 ee See ei oe oe EES ae ines ee Sc eet eae $4. 00 34. 50 $5. 00 $5. 50 
PlOadS . 2s 2 a ee ae yee eens 2. 00 2.20 2. 50 2. 75 
BY (or: Xs (eee Ere ree ey ny tt eet es ee SG tion 1. 33 1. 50 1. 67 1.83 
A VOAS s Soccer aaa toes = rae Tart eee 1.00 1S 125 1.38 
Sloads 22. eee ae ee eee eee eee ee eases See Smee eee . 80 - 90 1.00 1.10 
LUMBER. 


By far the greater part of the lumber sawed in Connecticut is the 
product of small portable mills of 10,000 or 15,000 board feet daily 
capacity, but which produce on an average not over 6,000 or 8,000 
board feet per day. Mills such as these can ordinarily be moved 
for $40 or $50, and a stand of 75,000 or 100,000 board feet will war- 
rant a set-up. 

The costs of lumbering as given in Table 3 include falling, skidding 
or ‘‘drawing in,” sawing, and piling or loading on cars at the desti- 
nation, but not hauling. Each of these costs is somewhat variable, 
and minimum, average, and maximum costs are given. 
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TABLE 3.—Costs of lumbering (except hauling) per thousand board feet. 


Minimum. | Average. | Maximum. 


POTEET ee ee ame ee Py es ala SERRE ao mia tiene nivwics ssa Sas $1. 25 $1.50 $2.00 
“SURLG OIYP) he et eee Pe ee a 1.50 1.75 2.00 
SHUMIDES Zee 34 AAS eae SS es eee C aos pees Coe TEs Serene ES Se cesar Ae eee 2.50 3.50 4.00 
[TIE So BES ac cereal pie WC Ne Cie oe en Rt 1.00 1.00 1.00 

fRotaliexcepthaulinm) bees. Skeet. She noe «cee oe gedaw ence ne 6. 25 7.75 9.00 


By combining the costs in Tables 2 and 3, the approximate total 
costs of logging and hauling given in Table 4 are obtained. Since 
an estimate of costs is not complete without including interest on 
the money which would have to be invested in the operation, the 
last column shows approximately the total average cost per thousand 
board feet of logging and hauling lumber computed at 6 per cent 
for one year. 


TaBLE 4.—Tolal cost per thousand board feet of logging and hauling lumber, with and 
without interest charges. 


Total cost per 1,000 board feet. Average 

. total cost 
Dai Lean ie p Soe with inter- 

aily hauling capacity for 1 team. wage rate est per 
per day. Minimum. | Maximum.| Average. |1,000 board 
1eCT: 
POOOWOATd feCte cease aoa o eee haces $5.50 $11.75 $14. 50 $13. 25 $14.05 
5.00 1.25 14. 00 12.75 13.52 
4.50 10.75 13.50 12. 25 12.98 
4.00 10. 25 13.00 a7 12. 46 
UOMDOaTA teetao= 4524 - 8-2/5 2\42)3 aos Lee 5.50 9.00 IS) 10.50 11.13 
5.00 8.75 11.50 10. 25 87 
4.50 8.50 11. 25 10.00 10. 60 
4.00 8. 25 11.00 9.75 10.34 
OO OnbeatdMeetesa.. 2 oe. 50 ao Fh tee aes 5.50 8.08 10. 83 9.58 10.15 
5.00 7.92 10. 67 9. 42 9.98 
4,50 7.75 10.50 9. 25 9.81 
4.00 7.58 10.33 9.08 9. 63 
TIES. 


The cost of tie production varies chiefly with the distance of haul, 
but also with the method of manufacture. To hew ties usually 
costs from 9 to 10 cents apiece for chestnut and 12 cents for oak. 
Ties should be sawed at less cost per thousand feet than lumber, 
because there is less labor involved in sawing out large pieces and 
less waste in kerf. ‘Ties sawn on only two faces are much cheaper to 
produce than are those sawn on four sides. Assuming 33 first-class 
or 38 second-class ties to the thousand board feet, the costs of logging, 
exclusive of hauling, are about as given in Table 5. 
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TABLE 5.—Cost of tie production (except hauling) per 1,000 board feet. 


} 


| Cost per tie. 
| Minimum | Average | Maximum SEES HE Hewi 
| cost per cost per cost per per 1,000 
ate ELLE sales First class. Second class. 
Gating s 022: $1.00 $1.50 $2.00 | $0.031-$0:063 | $0.026-$0.053 |.........--- 
Drawing to mill. -..---- 1.00 1.75 2.00 -031-— . 063 0262 4053: [Pees eee 
Sewanee. cee ee] 1.75 2.00 4.00 .055— .125 0462 ae SS 
Peels ek. See ee Beatie) Bo i) eee a as -Ql- . 01 [O82 eee 
Total oi | 4.10 | 5.60 8.00| .127- .261| -108- 221 $3-S4 


1 The maximum cost involves sawing ties on four sides, which increases the cost of sawing and dispenses 
with that of peeling. 

From 25 to 40 ties, depending upon the character of the haul, 
make an ordinary wagonload; usually about 33 first or 38 second 
class ties (equivalent to 1,000 board feet) can be hauled at one trip. 
Adding the total costs per thousand in Table 5 to the costs of 
hauling at various wage rates in Table 2, gives the total cost for ties 
delivered at the railroad, as shown in Table 6. The total average 
cost per thousand feet, with interest at 6 per cent for one year added, 
is also shown. 


TABLE 6.— Total costs per 1,000 board feet of logging and hauling ties, with and without 
interest charges, based on various teaming costs and daily hauling capacities. 


| Total cost per 1,000 board feet. Total cost 


per thou- 
Teaming ; sand board 
Daily hauling capacity for one team. ee Tate ; feet (in- 
per day. - . . F cluding 6 
Minimum. | Maximum.} Average. per cent 
| interest). 
£000: board feet. .- ee ee $5. 50 | $9.60 $13. 50 $11. 10 $11.77 
5. 90 9.10 13. 00 10. 69 11.24 
4.50 8. 60 12. 50 10.10 10.71 
4.06 8.10 12.00 9. 60 10.18 
2 O00 Doard Teet.- = 28 ch Se ee 5. 50 6.85 10. 75 ase 8.85 
| 5.00 6. 60 10. 50 8. 10 8. 59 
4.50 6.35 10. 25 7.85 8.32 
| 4.00 6. 10 10. 00 7. 60 8. 06 
3.000 board eel sses5-- =e) ae ee eee ee 5.50 5. 93 9. 83 7. 43 7.88 
iP 5. 00 edd, 9. 67 7.27 (Ayal 
4. 50 5. 50 9. 50 7.10 7. 53 
4.00 5. 43 9. 33 6. 93 Taco 
POLES. 


Pole logging is much the simplest and cheapest form of exploita- 
tion per unit of volume. It consists simply of felling the tree, 
sawing off the top at an inside bark diameter of 7 inches, trum- 
ming the branches close, and peeling. The cost of this is usually 
figured at 1 cent per foot in length fer poles from 25 to 35 feet long 
and 35 cents apiece for poles from 35 to 50 feet long. Pole cutting is 
more expensive in winter, when peeling is most difficult. Contract 
logging rates are often 35 cents per pole in winter and 25 cents in 
summer. Some companies, however, accept only winter-cut poles, 
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since the warm temperature and the greater amount of moisture in 
the outer layers of sapwood during summer favor attacks by wood- 
rotting fungi. ; 

Table 7 gives the approximate cost per pole of hauling and, in 
addition, the total cost per pole of cutting and delivering various 
sizes, including interest at 6 per cent for one year on the money 
invested, based upon the figures given in Table 2 for wage rates and 
number of daily trips possible, and those on page 22 for wagonloads 
of different sized poles. | 


TaBLE 7.—Cost per pole of hauling, and total cost of cutting! and hauling combined with 
interest at 6 per cent for one year on money invested, for poles of various lengths and for 
different teaming rates and daily hauling capacities. 


25-30 foot (6 poles | 35-foot (4 poles per | 40-44 foot (2 poles | 50-foot (1 pole per 


per load). load). per load). load). 
Daily Teaming 
hauling ea-}| wage 
pacity for | rate per Total Total Total Total 
1 team. day. Cost of | cost, in- | Costof | cost, in- | Cost of | cost, in- | Cost of | cost, in- 
hauling. | cluding | hauling. | cluding | hauling. | cluding | hauling. | cluding 
interest. interest. interest. interest. 
1 na} oe $5. 50 | $0. 92 $1. 29 $1.38 $1.78 $2. 75 $3. 29 $5. 50 $6. 20 
5. C0 . 83 1. 20 1. 25 1.64 2. 50 3. 02 5.00 5. 67 
4. 50 5 5) 1.11 as, 1.51 Pa ONS, 2.76 4.50 5.14 
4.00 . 67 1.03 1.00 1.38 2.00 2. 49 4.00 4.61 
2 trips 5. 50 . 46 80 . 69 1.05 1.38 1. 83 2.75 3. 29 
5. 00 42 76 . 63 .98 125 1.70 2. 50 3. 02 
4. 50 . 38 72 56 91 1.13 1. 56 2. 25 2.76 
4.00 33 67 - 50 85 1.00 1.43 2. 00 2. 49 
BAUnIp Sees 5. 50 .3l 64 46 . 80 92 1.34 1.83 2.31 
5. 00 - 28 -61 . 42 . 16 . 83 1. 26 1. 67 2.14 
4. 50 20) .58 .38 ae, yA 1.17 1.50 1.96 
4.00 222 55 -33 . 67 . 67 1.08 1.33 1.78 


Bee of cutting and hauling assumed to be: 30 cents for poles 25-35 feet long; 35 cents for poles over 
eet long. 


CORDWOOD. 


The cost of cordwood cutting varies from about 90 cents to $1.25 
per stacked cord of 4-foot wood. When oak and other tough-wooded 
species predominate, the cost is usually higher than when chestnut is 
the principal tree. One dollar per cord may be considered a fair 
average for the State. 

An ordinary wagonload varies from 1 to 14 cords. By adding the 
cost of cutting (assumed to be $1 per cord) to that given in Table 2 
for hauling at different wage rates and distances, and including 
interest charges for one year at 6 per cent on the money invested in 


the operation, the approximate total costs given in Table 8 are 
obtained. 
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TABLE ge Fea total cost per cord’ of cutting and delivering for various wage 


rates and hauling capacities, including interest charges at 6 per cent for one year. 
Teaming | Total cost, Teaming | Total cost, 
Daily hauling capacity | wagerate | with inter- Daily healing eapacly) wage rate | with inter- 
for 1 team. per day. est, per || for 1 te per day. est, per 
cord. | cord. 
| | 
ICON asiae we eee cect eis $5. 50 S61 SO (4 1 COTdS aang ee lee ae $5. 50 $2. 52 
5. 00 6. 36 |) 5. 00 2.39 
4. 50 5. 83 || 4.50 2. 26 
4.00 5. 30 || ; 4.00 2/12 
Di CORES Ess sey eae eee 5. 50 32983 |"5 \COLUS saceseee ee nea eee: 5. 50 DES 
5. 00 3% 7A &. 00 Dene, 
4. 50 3. 45 || 4.50 2.01 
4.00 3.18 || 4.00 | 1.91 
SCOTS skeen eee 5. 50 3. 00 
5. 00 2. 83 
4.50 2.65 
4.00 2.47 


1 Cost of cutting alone assumed to be $1 per cord. 


VALUE OF STANDING TIMBER. 
BASIS OF VALUE. 


The stumpage values for lumber, ties, poles, and cordwood given 
in this chapter are derived from the market values and the average 
costs of operation given in the two preceding chapters. 

The real stumpage value is the difference between the market 
value and the total operating costs, less a reasonable profit on the 


combined investment in stumpage and logging. This may be 
M 


expressed as an equation: 2 i C, in which S_ represents 
stumpage value; M, market value; C, cost of logging; and p, rate 
of profit. For any desired per cent of profit on the stumpage and log- 
ging investment the formula would read as follows: 

10 per cent: S=7? M—C 


15 per cent: S=33 M—C 
For a profit of; 20 per cent: S=%? M—C 

25 per cent: S=% M—C 

30 per.cent>S=13 M—C 


To determine the amount of profit, add the stumpage value thus 
found to the logging costs and subtract the sum from the market 
value. 

In constructing the stumpage tables it was necessary to assume a 
definite per cent of profit, in this case 20. When stumpage values 
for investments at other rates are desired, they should be derived by 
means of the formula. 

The stumpage values given are applicable only to cases in which the 
costs of production are the same as those given in the tables. Where 
the costs differ from the average given the stumpage value can be 
derived by substituting the actual logging costs for those in the tables. 


DD 5 
The figures in the tables, however, represent with fair accuracy the 
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present value of standing timber in Connecticut at different distances 
from market. They also serve to illustrate a method by which a 
forest owner may obtain a substantially correct valuation of his 
standing timber. 

The chief factor affecting the value of timber, aside from its char- 
acter and quality, is the distance to market. The character of the 
topography and the condition of the roads must, of course, be taken 
into account, since these influence the cost of hauling and therefore 
the stumpage value. In Tables 9 to 16 the stumpage values are 
classified according to the daily hauling capacity of a single team and 
wagon for a specified material. The column headed ‘Total logging 
cost per thousand”’ includes the hauling (varied) costs and the average 
combined (constant) costs of all other parts of the operation. 

Tables 9, 11, 18, and 15 give the combined stumpage and profit, 
and Tables 10, 12, 14, and 16 the stumpage value alone, reckoned for 
an assumed profit of 20 per cent on the total investment in timber 
and logging operations combined. The amount remaining as stump- 
age value after deducting the profit includes also interest and taxes 
on the woodland which have accrued up to the present time. Interest 
for one year on the cost of operation has already been included (see 
Tables 4, 6, 7, and 8), and it may be disregarded in the stumpage 
calculation. 

LUMBER. 


Tables 9 and 10, which give stumpage values for lumber, are based 
on the total costs, including interest, given in Table 4, which in turn 
are based on the average cost, $7.75 per thousand feet for logging and 
sawing, given in Table 3. They are also derived from market values 
of from $18 to $35. The combined stumpage and profit is the differ- 
ence between these two amounts. The stumpage value is this differ- 
ence minus an assumed profit of 20 per cent on the total investment. 
The figures for stumpage value, with and without an included profit, 
are given for each market <li of lumber and for each logging cost, 
as determined by the different wage rates and different =ypemoas 
capacities per day. The last can easily be converted to distances 
from market for any specified case. With good roads of easy grade, 
and with loads of 1,000 board feet, a round-trip haul of 1,000 board 
feet per day ought to correspond to a distance of 9 miles from market; 
two round trips, hauling 2,000 board feet, to a distance of 44 miles; 
and three round trips, with 3,000 board feet, to 3 miles. 

Under the conditions presented in Table 9 the purchaser who had 
to pay for stumpage the amount per thousand feet specified could not 
market his timber for more than enough to pay the costs of stumpage 
and lumbering. The reader should avoid confusing this with the true 
stumpage value shown for a profit of 20 per cent in Table 10. 
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TABLE 9.—Combined stumpage value and profit for lumber, for various hauling costs 
and market values. 


Stumpage + profit per thousand board feet for market 


E Total values of— 
Daily hauling capacity sone logging 
for 1 team. arda cost 
Ber CAY Wee ett S18 $20 $22 $24 $25 $30 $35 
per M. | per M. | per M. | per M. | per M. | per M. | per M 
1,000 board feet .—-.=-- $5. 50 $14.05 | °$3.95 | $5.95 | $7.95 | $9.95 | $10.95 | $15.95 | $20. 95 
5. 00 13. 52 4.48 6. 48 8. 48 10. 48 11. 48 16. 48 21. 48 
4. 50 12. 98 5. 02 7. 02 9. 02 11. 02 12. 02 17. 02 22. 02 
4. 00 12. 46 5. 54 7. 54 9. 54 11.54 12. 54 17. 54 22. 54 
2,000 board feet. --.------- 5. 50 iets 6. 87 8. 87 10. 87 12. 87 13. 87 18. 87 23. 87 
5. 00 10. 87 totes 9.13 11.13 13.13 14.13 19.13 24.13 
4.50 10. 60 7.40 9. 40 11. 40 13. 40 14. 40 19. 40 24. 40 
4. 00 10. 34 7. 66 9. 66 11. 66 13. 66 14. 66 19. 66 24. 66 
3,000 board feet. --------- 5. 50 10.15 7. 85 9.85 11.85 13. 85 14. 85 19.85 24. 85 
5. 00 9.98 8. 02 10. 02 12. 02 14. 02 15. 02 20. 02 25. 02 
4. 50 9.81 8.19 10.19 12.19 14.19 15.19 20. 19 25.19 
4.00 9. 63 8.37 £0237. IRR Y! 14. 37 15. 37 20. 37 25. 37 


1 The total logging costs are those given in Table 4, and include interest at 6 per cent for one year on the 
money invested in the logging operation. 


TABLE 10.—Stumpage value of lumber after deducting a profit of 20 per cent for different 
hauling costs and market values. 


Stumpage value per thousand board feet for market 


values of— 
: Total 
Daily hauling capac- Teas logging ; 
ity for 1 team. aida cost $18 0 $22 $24 $25 $30 
pe y- per M.1 | profit= | profit= | profit= | profit— | profit= | profit= 
$3.33 $3.67 $4 $4.17 

per M per M per M. per M per M per M 
1,000 board feet.....-.- $5. 50 $14. 05 $0. 95 $2. 62 $4. 20 $5.95 $6.78 $10.95 
5. 00 13.52 1.48 3.15 4.81 6. 48 7. 32 il. 48 
4.50 12. 98 2. 02 3. 69 5.35 7. 02 7. 85 12. 02 
4.00 12. 46 2. 54 4,21 5.77 7.54 823% 12.54 
2,000 board feet... --- 5. 50 11.13 3. 87 5. 54 7. 20 8. 87 9.7 13. 87 
5. 00 10. 87 4.13 5. 80 7. 46 9.13 9. 96 14.13 
4. 50 10. 60 4. 40 6. 07 Gis 9. 40 10. 23 14. 40 
4.00 10. 34 4. 66 6. 33 7.99 9. 66 10. 49 14. 66 
3,000 board feet... .--- 5. 50 10.15 4.85 6. 52 8.18 9. 85 10. 68 14. 85 
5. 00 9.98 5. 02 6. 69 8. 35 10. 02 10. 85 15. 02 
4.50 9.81 5.19 6. 86 §. 52 10.19 11.62 15.19 
4.00 9. 63 5.37 7.04 8.7 10. 37 11. 20 15. 37 


1 The total logging costs are those given in Table 4, and include interest at 6 per cent for one year on 
the money invested in the logging operation. 


TIES. 


In Tables 11 and 12, which give stumpage values for ties with and 
without a profit of 20 per cent, the total costs given in Table 6 were 
assumed as average for all sizes of ties. The market values are 
for 1,000 board feet; for 7 by 9 inch ties, running 25 to the thousand, 
at 72 cents apiece, or $18 per thousand feet; for first-class ties, run- 
ning 32 to the thousand, at 50 cents apiece, or $16; and for second-class 
ties, running 38 to the thousand, at 30 cents apiece, or $11.40. 

Stumpage values for different distances from the point of delivery 
can be read from the stumpage table by converting the daily hauling 
capacity into miles, as described for lumber on page 25. 
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TaBLeE 11.—Combined stumpage values and profits for ties, for different hauling costs 
and market values. 


Stumpage-+ profit, per thousand and per tie, for— 


= Total 
Daily hauling capac- pee logging 


ity for 1 team. cost Second-class ties at | First-class ties at | 7 by 9 inch ties at 


per day. per M.! $11.40 per M, or $16 per M, or 50 $18 per M, or 72 
30 cents per tie. cents per tie. cents per tie. 

Per M. | Pertie. | Per M. | Pertie. | Per M. | Per tie. 
1,000 board feet... ..-- $5. 50 eli diag |e aie eee weal Roca pees $4. 23 $0. 132 $6. 25 $0. 249 
5. 00 11. 24 $0. 16 $0. 004 4.76 . 148 6. 76 . 270 
4.50 10. 71 . 69 018 5. 29 . 165 7. 29 . 292 
4.00 10. 18 1322 032 5. 82 . 181 7. 82 . 313 
2,000 board feet...--.- 5. 50 8. 85 2. 5a 067 Teele EOpR 9.15 . 366 
5. 00 8.59 2.81 079 7.41 SPB 9. 41 - 376 
4. 50 8. 32 3. 08 081 7. 68 . 240 9. 68 . 387 
: 4.00 8. 06 3. 34 . 088 7.94 . 248 9. 94 . 398 
3,000 board feet... -.- 5. 50 7. 88 Sa52 . 093 8.12 . 254 10. 12 - 405 
: 5. 00 eae 3. 69 . 097 8. 29 . 259 10. 29 . 412 
4. 50 7.53 3. 87 LOZ 8. 47 . 264 10. 47 -419 
4. 00 7.35 4.05 .107 &. 65 - 270 10. 65 - 426 


1 The total logging costs are those given in Table 6, and include interest at 6 per cent for one year on the 
money invested in the logging operation. 


TaBLE 12.—Stumpage values of ties, after deducting a profit of 20 per cent for different 
hauling costs and market values. 


Stumpage value per 1,000 board feet and per tie for market 


values of— 
: Total 
Daily hauling Dene logging 

capacity for 1 team. Ane cost per | $11.40 per M or 30 $16 per M or 50 $18 per M or 72 
Wis M.t cents per tie; profit | cents. per tie; profit | cents per tie; profit 

= $1.90 per M, or = $2.67 per M, or = $3 per M, or 

5 cents per tie. 8.3 cents per tie. 12 cents per tie. 

Rens Me | ePenticns\eher Mia Penties | Pern Ma | Per tie: 

1,000 board feet ....-- $5. 50 CSTIUB ZAP AIS eee Meas TE Sevan Geet $1.57 $0. 049 $3. 23 $0. 129 
5.00 BIE Ae Wetec eal pci ey aja § 2.09 065 3.76 . 150 
4.50 AO) Sy ibe cpp tarzee® eo hac mere 252 28 2. 62 . 082 4.29 172 
4.00 ALES eer Apa ah od 3.15 . 098 4.82 193 
2,000 board feet ....-- 5.50 8. 85 $0. 65 $0. 017 4.48 . 140 6.15 . 246 
5.00 8.59 | 92 024 4.74 . 148 6.41 . 206 
4.50 8.32 1.18 031 5.01 . 157 6. 68 . 267 
4.00 8.06 1.44 . 038 5.27 165 6.94 . 278 
3,000 board feet... ..- 5.50 7.88 1.62 . 043 5. 45 elit 7.12 . 285 
5.00 etl 1.79 047 5. 62 .176 7.29 . 292 
4.50 7.53 1.97 . 052 5.80 181 7.47 . 299 
4.00 ows 2:15 . 057 5.98 . 187 7.65 . 306 


1 The total logging costs are those given in Table 6, and include interest at 6 per cent for one year on the 
money invested in the logging operation. 
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POLES. 


Tables 13 and 14, which give stumpage values for poles, are based 
on the total logging cost given in Table 7. 


TABLE 13.—Combined stumpage values: and profits for poles of different lengths, for 
different hauling costs and market values. 


Stumpage + profit, per pole, for— 


Daily 


F Teaming - sa 
hauling cost per 
capacity das 25-foot 30-foot 35-foot 40-foot 45-foot 50-foot | 55-foot 60-foot 
for 1 team. y- poles at | poles at | poles at | poles at | poles at | poles at | poles at | poles at 
$1.90. $3. $4.10. $5.30. $6.90. $9. $12.10. $15. 

AETID! 2 2e $5.50 $0. 61 $1.71 $2.32 $2.01 $3. 61 $2. 80 $5. 90 $8. 80 

5.00 .70 1.80 2.46 2.28 3.88 aeons: 6. 43 9.33 

4.50 79 1.89 2.59 2.54 4.14 3.86 6.96 9. 86 

4.00 87 Ore 2.72 2.81 4.41 4.39 7.49 10.39 

2tTIps.2—= 2 5.50 1.10 2. 20 3.05 3.47 5.07 5.0 8.81 11.71 

5.00 1.14 2.24 3: 12 3.60 5.20 5.98 9.08 11.98 

4.50 1.18 2.28 3.19 3.74 5.34 6. 24 9.34 12.24 

4.00 1323 2.33 3. 25 3.87 5.47 6.51 9.61 12.51 

SirIPSeeece 5.50 1.26 2.36 3.30 3. 96 5.56 6.69 9.79 12.69 

5.00 1.29 2.39 3.34 4.04 5. 64 6.86 9.96 12.86 

4.50 148Y) 2.42 3.38 4.13 5.73 7.04 10.14 13.04 

4.00 1.35 2.45 3. 43 4.22 5.82 Mee, 10. 32 13. 22 


1 Based on approximate total costs of cutting and delivering poles of various lengths, with interest at 6 
per cent for one year, given in Table 7. 


TABLE 14.—Stumpage values! for poles of different lengths, after deducting a profit of 20 
per cent for different hauling costs and market values. 


Stumpage value per pole for— 


Team- | 22-foot | 30-foot | 35-foot | 49-foot | 45-foot | 50-foot | 55-foot | 60-foot 
Daily hauling capacity rere ae poles | poles | poles | poles | poles | poles |polesat| poles 
for 1 team. ae at $1.90;} at $3; jat $4.10;jat $5.30; at $6.90;) at $9; | $12.10; | at $15; 
P y- profit = |profit = profit =|profit = profit = profit =|profit = profit = 
$0.316 | $0.50 | $0.684 | $0.884 | $1.15 | $1.50 | $2.02 | $2.50 
per per per per per per per per 
pole. | pole. | pole. | pole. | pole. | pole. | pole. | pole. 
SCT Dp oe See eee $5.50 | $0.29) $1.21 | $1.64] $1.13 | $2.46] $1.30) $3.88 $6. 30 
5.00 3 1.30 1.78 1. 40 PRT 1.83 4.41 6.83 
4.50 47 1.39 1.91 1.66 2.99 2.36 4.94 7.36 
4.00 55 1.47 2.04 1.93 3. 26 2.89 5.47 7.98 
QsCEUPS ose Ao ee ee ee 5.50 78 1.70 D)-BY/ 2.59 3. 92 4,21 6.79 9.21 
5.00 82 1.74 2.44 2072 4.05 4.48 7.06 9. 48 
4,50 86 1.78 2.51 2.86 4.19 4.74 (ony? 9.74 
4.00 91 1.83 2.50 2.99 4.32 5.01 7.59 10. 01 
SEIPS ok cs Ho aceeeccee eee 5.50 94 1.86 2. 62 3.08 4,41 5.19 TTC 10.19 
5.00 .97 1.89 2. 66 3.16 4.49 5.36 7.94 10.36 
. 4.50 1.00 1.92 2.70 3.25 4.58 5.54 8.12 10.54 
4.00 1.03 1.95 2.75 3.34 4.67 5.72 8.30 10. 72 


1 Based on approximate total costs of cutting and delivering poles of various lengths, with interest at 6 
per cent for one year, given in Table 7. 
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CORDWOOD. 


Tables 15 and 16 are based on the approximate total cost per cord 
of cutting and delivering cordwood, with interest at 6 per cent for 
one year, shown in Table 8. 


TABLE 15.—Combined stumpage values and profits for cordwood for different hauling costs 
and market values. 


; \ 

Daily Team-| Total Stumpage + profit per cord for market values per cord of— 

hauling |ingcost} cost ; 
capacity per per | 

for 1 team. | day. | cord.! | $3.00 | $3.50 | $4.00 | $4.50 | $5.00 | $5.50 | 86.00 | $6.50 | $7.00 


Words: seo: TOOUS EDO Soy eerie (sae imractt ect see LS eo WR eS ele ae Malem cis Soe ts wee $0. 11 
5. 00 BAD Sis SGA eee celles coe Sy | IE uae es eee |e ae eae I $0. 14 - 64 

4.50 35 G3) ]a ss Se Sbe|[bsesesoullt daecasa Geese al baesrece| eseacor $0. 17 67 Maile) 

4. 00 Beal) | ssse te cléccseseg peas odba|Semeeocal |basaomae $0. 20 -70 1.20 1.70 

2 COLGS. 2. = - 5.90 Se GS) We eMae cl Mee Snek $0.02 | $0.52 | $1.02 1.52 2.02 2.52 3.02 
5. 00 SEA Ie easeroce! aceatelce 29 79 1.29 a9 2.29 2.79 3. 29 

4. 50 Sb 4) Gesse6cc $0. Cd iy9) 1.05 1.55 2.05 2.55 3. 05 3.59 

4. 00 dies eee soe ce 32 . 82 1.32 1.82 2.32 2. 82 3. 32 3. 82 

BLCOLUS=a see = 5.50 SUD ee aoese 50 1.00 1.50 2. 00 2.50 3. 00 3. 50 4.00 
5. 00 2.83 | $0.17 67 Le 7 1. 67 2.17 2. 67 3.17 3. 67 4.17 

4.50 2.65 30 85 1.30 1.85 2.35 2. 85 3.30 3. 85 4.35 

4. 00 2.47 .53 1.03 1.53 2.03 2.53 3.03 3.53 4.03 4.53 

AICORUSHeee | no 00 2.52 48 98 1. 48 1.98 2. 48 2.98 3. 48 3. 98 4. 48 
5. 00 2.39 Boll 1.11 1. 61 Qe ii 2.61 3. 11 3. 61 4.11 4.61 

4.50 2. 26 14 1.24 1.74 2.24 2.74 3.24 3. 74 4,24 4.74 

4.00 2.12 88} 1.38 1.88 2.38 2.88 3. 38 3.88 | .4.38 4 88 

DICOLGSs-== = 5.90 2.23 ole 1.27 tls 7/0 2.20 2.77 3. 27 3.77 4.27 4.77 
5. 00 2.12 88 1.38 1. 88 2.38 2. 88 3. 38 3. 88 4.38 4. 88 
4.50 2.01 99 1. 49 1.99 2.49 7a 8y) 3. 49 3. 99 4. 49 4.99 

4.00 1.91 1509 |, — eee 2.09 2.59 3.09 3.59 4.09 4.59 5. 09 


! The total costs per cord are those given in Table 11, and include interest at 6 per cent for one year on the 
money invested in the operation. 


TABLE 16.—Stumpage values for cordwood, after deducting a profit of 20 per cent for 
different hauling costs and market values. 


Stumpage value per cord for market values per cord of— 


Daily Team-| Total 
hauling |ingcost} cost 


capacity per per $3; $3.50; $4; $4.50; $5; $5.50; $6; $6.50; $7; 
forl team. | day. | cord.! |profit =|profit =| profit =|profit =|profit =| profit =|profit =|profit = profit = 
$0.50 | $0.58 | $0.67 | $0.75 | $0.83 | $0.92 $1 $1.08 | $1.17 

IRGOLGS 2 = -=- SOROO MM SOLOO Gl ese Nacia| Cee leo a eee penetra Le liek et, “at Rac oe aes led Soe ees 
5. 00 G2 S05 |Peeerstel eee ical ee tee Pn Menai oars oe Ne call Sha are oer sien Ie 

4.50 GEST | Se NEA 2 BOR Bt | [ene oie eke es |e R ae ae | eae ey P| 

4. 00 i BLU las seed lest Sealey essere) leo [ene SRS hel ed heaeoeeetie Heenan Rey I Ce ae $0. 12 $0. 53 

PRCOEGS: = 2 5. 50 a DOM | eters aes | Me sel ee neces CE eS $0.18 | $0.60} $1.02 1. 44 1. 85 
5. 00 Bh lial peea56| (AOS eral aes eae ae $0. 04 46 87 1.29 iil 2.12 

4.50 SoA | eta Me ar ein SD oe . 30 ha 1.13 1.55 1.97 2.38 

4.00 a che tae ek Me eens $0. 15 Ol .99 1.90 1.82 2. 24 2.65 

SiCOLdS=oe.=- 5. 50 SHOON Rage ie ease .o0 By (5) Maley 1.58 2.00 2. 42 2.83 
5.00 Zao a): | eae a $0. 09 50 92 1.34 1.75 PISAN7/ 2.59 3. 00 

4.50 ZaOo toe sane: JY 68 1.10 1.52 1.93 2.35 PIU 3.18 

4. 00 POC EN esata 45 86 1. 28 1.70 2.11 2.53 2.95 3. 36 

BYCOndSss2e 5.50 SOON Sis cee 40 81 123, 1.65 2.06 2. 48 2.90 3.0L 
5.00 2.39 | $0.11 -09 94 1.36 1.78 2.19 2. 61 3. 03 3. 44 

4.50 2.26 24 66 1.07 1. 49 1.91 2. 32 2.74 3. 16 3.57 

4.00 Ps 17 38 80 1.21 1.63 2. 05 2. 46 2. 88 3. 30 3.71 

PRCOEOSsee = 1) 5.500 2.23 aan 69 1.10 1. 52 1.94 2.35 Dit 3.19 3. 60 
5. 00 ily. 38 80 12 1.63 2.05 2. 46 2. 88 3. 30 3.71 

4.50 2.01 49 91 1.32 1.74 2.16 Dei, 2.99 3. 41 3. 82 

4.00 1.91 .o9 1.01 1. 42 1.84 2.26 2.67 3.09 3.51 3. 92 


_ | The total costs per cord are those given in Table 8, and include interest at 6 per cent on the money 
invested in the operation. 
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PART III—YIELD OF EVEN-AGED HARDWOOD STANDS. 
FACTORS WHICH INFLUENCE THE YIELD. 


If second-growth hardwood stands are to be handled for steady 
and increasing returns, it is essential to know the probable yield; that 
is, the amount and character of products obtainable within a given 
period. It is a common saying among Connecticut farmers that a 
woodlot will produce on the average about a cord per acre per year. 
As a matter of fact, the rate at which stands grow is quite variable, 
and is influenced by a number of different factors. Three especially 
have an important influence upon the yield. These are, first, the type 
of forest; second, the productive quality of the locality; and third, 
the number and size of the trees on the area, or the ‘‘growing stock.” 


TYPES: 


Even-aged hardwood stands on the Connecticut uplands, as already 
described, consist chiefly of chestnut and a few species of oak. Occa- 
sionally, over small areas, both oak! and chestnut form pure or nearly 
pure stands, but for the most part the forest is a mixture of two or 
more species in every degree of gradation between pure chestnut and 
pure oak. Since the yield and value and, to a large extent, the ~ 
management of these stands depend directly upon their composi- 
tion, it 1s necessary to classify them upon this basis into the three 
general types: The chestnut type, containing 60 per cent or more, 
by volume, of chestnut; the oak type, containing 60 per cent or 
more of oak; and the oak-chestnut type, containing 60 per cent or 
more of mixed oak and chestnut, but less than 60 per cent of either 
alone. Of these, the oak type might be further divided into chestnut- 
oak and black oak subtypes, but since these are not very dissimilar 
in yield and comprise a relatively small portion of the woodland 
of the State, they can be ignored. 

Differences in type result chiefly, though not solely, from differ- 
ences in soil conditions. Of these, the depth, degree of slope, drain- 
age, and moisture-retaining capacity are most important. The three 
types require good drainage, but chestnut requires for its best growth 
considerably more moisture than black, scarlet, or chestnut oak, and 
consequently gives place to these species on dry upper slopes with 
shallow soil. On deep, well-drained, sandy loams chestnut tends to 
exclude the slower-growing oaks. The chestnut type is therefore 
most abundant on the lower portions of slopes, benches, and on 
well-drained, level lands, with deep, fresh soil, while the oak type is 
more characteristic of dry upper slopes and ridge tops. The oak- 
chestnut type here considered occupies situations intermediate as 


—— 


1 Stands composed of more than one species of oak are here considered pure oak stands. 
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regards soil moisture between those occupied by the two other types. 
There is, however, another oak-chestnut type which is often found on 
moist, well-drained, lowland soil, where red oak thrives and nearly 
equals chestnut in its rate of growth. ‘This is similar in yield to the 
chestnut type. 


QUALITY CLASSES. 


Soil conditions are largely responsible not only for differences in 
type but also for variations in the rate of growth within the same 
type. The yield to be expected from a stand within a given period 
thus depends directly upon the quality of the site. For this reason 
three different qualities of situation, or quality classes, have been dis- 
tinguished. The best index to the quality of a situation is the rate 
of growth in height of the trees which occupy it. Thus the best soils 
show the best height growth, and the poorest sites the poorest growth, 
provided all other conditions are equal. The basis for the difference 
in the quality classes is therefore the average height at a given age of 
the tallest or dominant trees of the principal species in an even-aged 
stand. In quality I, therefore, the dominant trees exceed a certain 
minimum height, which varies, of course, with age. In quality II 
they fall below this, but above the maximum for quality III. The 
classification is shown graphically in figure 1, in which the quality 
class separation is mdicated with dotted curves. In the yield tables 
which follow, the average heights of dominant trees at 5-year 
intervals are given for each quality class. 

Quality classes are determined for each type separately, without 
regard to corresponding qualities in other types. Since chestnut 
almost invariably occupies the better soils, it is evident that first- 
quality oak, not being the same in yield, can not be compared 
with first-quality chestnut; nor third-quality oak with third-quality 
chestnut. 

GROWING STOCK. 


In any type the number of trees per acre at a given age varies 
widely. When the whole area is occupied by thrifty, long-stemmed 
trees, each with a sufficient space in which to grow rapidly, the ground 
may be said to be “normally stocked.’’ Too many trees cause 
crowding, which results in slender, weak, slow-growing stands; too 
few do not fully utilize the soil and growing space, and produce ats 
stands of relatively low value. 

Understocked stands result from scanty or irregular reproduction, 
or from fire, grazing, disease, or too heavy thinning. The chestnut 
blight is already a cause of understocking in the southwestern part 
of the State. In this study only average fully stocked stands were 
selected for measurement. No plots were measured in which the 
crowns of the trees did not occupy approximately the total amount 
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of the available growing space. Later these plots were checked on 
the total basal area per acre. By this is meant the sum of the cross- 
section areas at breastheight of all the trees in a measured sample of 
the stand, usually expressed in square feet. It varies with the 
number of trees, their average diameter, and consequently the age of 
the stand, and is one of the best means of judging whether a stand of 
known age is fully stocked or not. The average total basal area per 
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Fig. 1.—Height growth of dominant trees, chestnut type. 


acre of all the measured plots was then determined, and all plots the 
total basal area of which was greater or less than the average by 10 
per cent or more were assumed to be abnormally stocked and were 
eliminated from further computation. The yield tables are, therefore, 
based on average fully stocked stands. The method of elimination 
is illustrated graphically in figure 2. 

In the yield tables themselves the average basal area by five-year 
periods is shown for each type and for each quality class. The 
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figures given are approximately accurate for stands whose basal area 
does not vary from the average for a given age by more than 10 per 
cent, but must be modified if applied to stands outside of this range. 
The number ef trees per acre varies greatly even in fully stocked 
stands of the same age. The number, of course, diminishes as the 
trees grow larger. This decrease is very rapid during youth, when 
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Fic. 2.—Basal area per acre, in square feet, for three quality classes, chestnut type. The heavy lines 
represent the average for each quality. The pairs of broken lines, united by braces, include a range of 
20 per cent from the average, within which plots were considered to be normally stocked. 
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competition is keen, but gradually lessens as the surviving trees 
approach maturity. Since growth is more rapid and competition 
more keen in good sites than in poor ones, the number of trees is 
less and their size greater in quality I than in quality III stands of 
the same age and type. The average number of trees per acre and 
the corresponding average diameters at different ages are shown in 
the yield tables. 
23329°—Bull, 96—12——_3 
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YIELD TABLES. 


The following tables, which give approximate yields per acre for 


unmanaged even-aged hardwood stands are based on 187° plots 
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Fic. 3.—Yield per acre, in cubic feet, for three qualities in chestnut, oak-chestnut, and oak types. 
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selected from the 268 plot measurements made in the course of the 
study. The different classes of data were averaged graphically, and 
from these results were obtained the figures given in the tables. For 
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convenience the yield tables are separated into general yield tables, 
and yield tables for cordwood, lumber, ties, and poles. In the general 
tables and those for cordwood, yields are shown for the oak-chestnut, 
chestnut, and oak types. In the other tables figures are for chestnut 
only, since yields in lumber and ties in the oak and oak-chestnut types 
proved too few and irregular for accurate computation. The actual] 
yields in lumber and ties of such normally stocked plots in these types 
as were measured are given, however, in Tables 49, 50, 51, and 52 in 
the Appendix 
GENERAL. 


Tables 17-25, inclusive, show the approximate yield per acre in 
cubic feet, for five-year periods, of average unmanaged stands of the 
different types and quality classes. Together with the yield are 
shown (1) the average height of the dominant or tallest trees in the 
stand, since this is the basis of the distinction of quality classes; (2) 
the average diameter of all trees above 2 inches in diameter at breast- 
height; (3) the total number of trees per acre over 2 inches in diam- 
eter; and (4) the total basal area per acre, which determines whether 
or not astand is fully stocked. 

The yields in cubic feet for living trees were read from the curves 
in figure 3. The individual plots were scaled by cubic-foot volumes. 
To obtain the total yield per acre the volumes for merchantable dead 
trees were scaled by a special table, averaged by a curve, and added 
to the yield for living trees. 


TaBLE 17.— Yvreld in cubic feet—chestnut type, quality I. 


Yield per acre. 
: Diameter 
Seah. breast- | Number] Basal Living 
Age. nant high of | of trees | area per and mer- 
ees average | per acre. acre. Living chant- 

: tree. trees. able 
dead 
trees. 

Years Feet Inches. Sq.ft Cu.ft Cu. ft 
EN reer cles oe on ksh Cota tice ak Bee 1, 000 56 1,09 1, 150 
TD): occas oe ES SR At ot Ae ee 50 4.4 830 88 1, 660 1, 750 
225) 5 te Ses Cee EE A ae a ee Oe ee 58 Dea: 680 108 2,310 2, 420 
Bo GoC SOBEL JU CC aaa AS Ae ener eee 64 6.4 550 122 2, 960 3, 100 
Sima aes A oie ciaiea/siain a aaleinicid cle ciaele 70 Woe 460 133 3, 550 3, 680 
40). seo GOED SES o OBC TE eae eit eee 8 74 8.1 400 142 4, 050 4, 220 
Dc ociGh codes SESd eG Beet CEE: eee 77 8.9 350 150 4, 490 4, 700 
Bl eee eee ath ae SS ae ie a care Sew ew oes Ok mats 80 9.6 310 157 4, 880 5, 150 
Fao. AE ee ee eal a ter 83 10.3 280 163 5, 220 5, 500 
Bol) nenre eee tar ete eee oe Paice maids ere oe 85 10.9 260 169 5, 530 5, 800 
US GAD de oS bd See BO BOSE Sele Mees Ao ere eames 87 11.6 235 173 5, 830 6, 070 
OLS Be hese 8 35 ReSano ao SoBe: Berean 88 12.2 220 177 6, 100 6, 320 
JS 6645060 Soo CCS SOOO en CEE See Den Ceara 90 12.8 200 181 6, 350 6, 530 


a  —— 
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TABLE 18.— Yveld in cubic feet—chestnut type, quality IT. 


— 


Yield per acre. 
F Diameter 
Height. breast- |Number| Basal Living 
Age. nae high of | of trees | area per and mer- 
face average | per acre. acre Living | chant- 
: tree trees. able 
dead 
trees 
Years Feet. Inches. Sq.ft Cu.ft Cu. fi. 
1 SR eee ein SEs mete PUD Peet Satoh ETS eS 30 2.6 1, 160 800 860 
1 PO es ae ye ee ae ee nr Rue ere 40 3.6 930 66 1, 220 ~1,360 
OE eee ORS SORE AEE aoe See SAA SRE oh 48 4.5 800 89 1, 720 1, 850 
SOS os eee rte as ee Sn re 54 5.3 675 103 2, 250 2, 400 
BON. Sens Gee hoes guises HOME ee eae 60 6.1 560 114 2,760 2,900 
AO Se Noah ce eens = hte ao te Ce Reese 64 6.8 490 123 3, 190 3, 350 
AB Seek se We EL a a oe ee Sa ee 68 7.5 425 130 3,570 3, 720 
OOS See oe ae its ee ae et eee mre em 71 8.2 370 136 3, 880 4, 050 
HDs. cee set Sees ee eR ee ee 74 8.8 339 141 4,170 4,330 
(G0 a a Se re SP ee, Se Ree Sere 76 9.4 300 146 4, 420 4, 600 
G54. pS ase Shae ee eee 77 9.9 280 150 4, 660 4, 850 
MO eas soe Se ee eee teem eee oa 79 10.5 255 154 4, 870 5,070 
DEES. SE SATS Oe RAS Ne Soak eae 80 11.0 240 * 157 5, 060 5, 280 
TABLE 19.— Yield in cubic feei—chestnut type, quality ITI. 
Yield per acre. 
: Diameter 
eee breast- | Number] Basal Living 
Age. Tae high of | cftrees | area per ese and mer- 
trees average | per acre. acre. Living chant- 

4 tree. trees able 
dead 
trees. 

Years Feet Inches. Sq.ft Cu.ft. Cu. ft. 
1) esa eG a rs RA Reh ce ere tea Ail eee FS 21 2.0 1,360 30 520 580 
VU RS aes ee te ee Ra Pee SS VERE 30 PAST 1, 180 AT 780 900 
DS ene eee fe slaw heen Melanie cele es Sea 37 533) 990 66 1, 140 1, 280 
BE ee aes SO ESOry fe SRE CRRA e- 44 4.3 790 80 1,550 1,720 
Se ace ire Biv aerate pres ars IS eer 50 5.0 670 91 1, 980 2, 130 
AQ aia ean Sees ae See ee 55 5.6 580 99 2, 330 2,520 
AG Be oc) om SASS ORS SN Se REC aes 59 6.2 500 106 2, 640 2, 830 
QO a tiacat ee cre ae een te ralepe sere ice into ele e 62 6.8 450 112 2, 900 3, 100 
GD apr cine es RAE Sa etapa ot ice See etme mci 64 Wao 400 117 3, 130 3, 330 
COR ee Ser someone a See ee 67 7.8 360 121 3, 330 3,540 
GOS ee PSO Sass eee sien se acts ae 68 8.3 330 125 3, 490 3, 720 
CO eer Serardr sitar Se eRe Rati eee RS SRS 70 8.7 310 129 3, 635 3, 880 
CS ies eae pe eta ee ats SP ate 71 9.2 290 132 3, 775 4,020 

TABLE 20.— Yveld in cubic feet-—oak-chestnut type, quality I. 
Yield per acre. 
‘ht |Diameter 
digight | “preast- | Number | Basal Living 
Age. ant high of | of trees | area per ox and mer- 

irees average | per acre. acre. Living | chant- 

s tree. trees able 

; dead 
trees 
Years Feet. Inches. Sq.ft. Cu.ft. Cu. ft. 
1 Ue eg ee See CSE. Be 35 2.9 1,130 52 810 830 
DOVES BR RA Ae apt Bee eo SAE ea ae 46 4.0 910 79 1,390 1, 440 
DOG oat ES pe te Se ORES eae 55 4.9 750 98 2, 080 2,150 
BODE ota ety RY oS ae vo cee Nae ee eee me 62 5.8 610 112 2,700 2,820 
Bh Pa air ot eS, Bs ah ance a cg eA tapas, NPs 68 6.6 525 125 3, 190 3, 350 
0 ee ae ei ota NS Shs ue 73 7.4 455 136 3, 600 3, 780 
ARES son eee ae de ee Leet he gene 77 8.2 400 146 3, 950 4,150 
OOo se eae eas abote es Sane eine ae le 80 8.9 360 155 4, 250 4, 480 
DOS ateciet Be ee oa EOE Coe Oe ae ae ACO E 83 9.6 320 162 4,530 4,780 
GO es Ue ae oy ia ened ee irs eer 85 10.3 290 169 4, 800 5, 060 
Cbs seen cbdiasutte Ria oe eee eee 7 10.9 270 175 5, 050 5, 320 
WO ses oe ee oe cae ere a taney ae tonne ee 89 beg 250 181 5, 280 5,550 
MOSS sah cic ee Ce eS Se eee eee Ee OnE 90 ibe 235 186 5,500 5,770 | 
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TABLE 21.— Yield in cubic feet—oak-chestnut type, quality IT.. 


Yield per acre. 


Height Diameter 


- | breast | Number| Basal Living 
Age. eete | high of | of trees | area per and mer- 
trees average | per acre. acre. Living chant- 
: tree. trees. able 
ead 
trees 
Years Feet Inches. Sq.ft Cur fit. Cu. ft. 
115). dS asoh oot RSet ee Cae e ees eee 28 2.5 1,180 670 680 
eo aetcat as Res ihe Rae eee nese 38 3.3 ~ 950 56 1, 110 1, 120 
20. abe oe es Gu Bode e se Sea e aaa 46 4.1 770 71 1, 620 1, 650 
fo cage candace ae ip ES eae a 52 4.8 675 85 2,090 2, 150 
Sie I Me PS Brera = oe Sar ayn abies erate cis ies eo 57 5.5 610 96 2, 480 2,570 
1, Gd SAS ae a EOS ee ee 61 6.1 530 107 2, 800 2,920 
15). Ga Get SE MEMS ne Se enn ea ees ae 65 6.7 470 115 3, 090 3, 230 
Pe oe RE Bs I ie ae Ne ee 68 7.3 425 123 3, 350 3,500 
51) SG er eh i a 71 7.8 390 130 3,575 3, 730 
OU) 3 Soo ee RN ee Cee el ea ere ea ee eS 73 8.4 355 136 3,780 3, 950 
33.2. LARD Et apt Rane a ee 75 8.9 325 141 3,975 4,150 
C2 Soa RES CBR SESE Seley ercarey se eareeeee 17 9. 4 305 146 4,150 4,340 
TD Sag Oes Soe! SE OO Rae Sener eer eretbe 78 9.8 285 150 4,320 4,520 


| 
TABLE 22.— Yield in cubic feet—oak-chestnut type, quality IIT. 


Yield per acre. 


\ = Diameter 
ee breast- | Number] Basal Living 
Age. apni high of | of trees | area per and mer- 
Tees average | per acre. acre. Living | chant- 

: tree. trees. able 
dead 
trees. 

Years Feet. Inches Gait. Cu.ft Cu.ft. 
1B) Sie eOS Be Se ee See ee eee eee 23 2.0 1,500 SBE lis SOO alae denne 
2 ois ic Senn he Coe See a ee ete 31 2.8 1,070 46 S205: Snes 
TUS SADE Nee | SSE SOG A Be ene 8a ee 38 3.3 1,000 59 1,160 1,170 
SR ee A 0 AO es, ele ey oS eee 43 3.9 855 71 1, 480 1,500 
BBs oo etad oad RRS e SRST 5 gues ae 48 4.4 755 80 1,780 1,800 
HOS 3 6 OP gece ly aS am aay Ass 52 4.8 700 88 2,030 2,070 
den ceo NS © 2 te eB RES AEA ee 55 5.3 620 95 2, 250 2,300 
I Mey See res Le ba Ooi 58 5.7 570 101 2,440 2, 500 
FD LABS oRL cs 3. ACR GEO E ae ene tees = ene aie es 60 6.1 525 106 2, 610 2, 680 
Gees ean es lain eee SRR eS 62 6.5 475 110 2,770 2,850 
CDS. Seek eto udcbed Sees Ocoee a ease 64 6.9 445 115 2,910 3, 000 
ise aes eke 1S Meena Bet eR ES sor ee 66 7.2 420 119 3, 050 3,130 
ide Grebe bss Sb TORE ss 5 ee 67 7.6 390 122 3,170 3, 260 


TABLE 23.— Yield in cubic feet—oak type, quality I. 


Yield per acre. 


Height Diameter 


of domi- | Preast- | Number | Basal Living 
Age. anit high of | of trees | area per oe and mer- 
trees average | per acre. acre. Living | chant- 

4 tree. trees. able 
dead 
trees. 

Years. Feet. Inches. Sq.ft. Cu. ft. Cu. ft. 
by Seer cis See oo REIS ts Me es 25 255 1,320 45 600 610 
Ul ehh bab ore aes Been ee eae ee 38 315 960 64 1,050 1,080 
2B) Joe BS REE Se eee eee ee 49 4.5 740 82 1,670 1,740 
20) ssédsecde bee Sep esO ne Seo E Eee eee 57 BaD 575 95 2, 260 2,350 
3) eédeneee Gc eee GEE Ee Ae ee 63 6.4 475 106 2,710 2, 860 
10 ScpS Gees eB SeCen ena ee en 68 (a2, 405 115 3, 100 3,270 
1S cet Goss naa ae Aree ea ae 72 8.0 350 122 3, 420 3,630 
3D) Sea SR eee yaaa ei ete eat 75 8.7 310 129 3,710 3, 950 
25) ¢ CE GSED RAC HEEIC CEE e SCCn yon ee See 78 9.4 280 135 3,970 4,220 
A) icc SR SES UCe ABS ie SS gains ena ae 80 10.0 260 141 4,200 4,470 
Bra sa at Mareen OVE av ialave ats 82 10. 6 240 146 4,400 4,680 
TD) Gin be SES nee ee DO OS Gat aie ae 84 ileal 220 150 4,600 4,900 
J 4) Se SS gus CSE SOR COEESE ee Bere et 86 11.6 210 154 4,770 5,080 
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TABLE 24.— Yield in cubic feet—oak type, quality If. 


Yield per acre. 


Height Diameter 


of domi- | Preast- | Number| Basal Living 
Age, nant high of | of trees | area per ‘ and mer- 
trees average | per acre acre Living | chant- 

= . tree. trees. able 

dead 

trees 

Years Feet. Inches. Sq.ft Cu. ft. Cu.ft 
1 leh PE Bo IOS Pa A op Pa 22 25 1, 400 480 490 
Pe apa ene te his (5 Se Rein Par aee paar Ss “ewes pr ests 31 3. 0 1,060 52 840 860 

PAR gee. Cape at eee eae epee ae Pe Ll Be es, 40 3.9 795 66 1,310 1,34 

SONS ace eee ee re ne eens) ae ae 47 4.6 675 78 1,750 1,800 
ST ees ee eee ies eateries tern ek eee 53 5.3 575 88 2,100 2,180 
rR a ew Rare aera al aie ayia aE 57 6.0 485 95 2,400 2,510 
1 oats la ROR hg re at ol dee Se ey 61 6.6 430 192 2,680 2,810 
Be eo ea eR On ee ee re oe ae 64 (pa 390 107 2,910 . 3,060 
Bg ese ea eee i et a 67 7.6 355 112 3, 120 3,300 
ARS ae a ae = Breterer UR Le Gent Meeps ts ees 68 8.1 325 116 3,310 3,500 
Gores coe Cree ee ee eee ee er rae 70 8.5 300 119 3, 490 3,700 
(4 eR rar Ge pa ly es Sy Le 2 Rae 72 8.9 280 122 3,650 3,870 
/ (ieee aiaeente al Es i a PE ed Sak pu RR A 73 9.4 255 124 3, 800 4,030 


TABLE 25.— Yveld in cubic feet-—oak type, quality IIT. 


| Yield per acre. 
| 
: Diameter 
| cent breast- | Number | Basal Living 
Age. nat high of | of trees | area per and mer- 
frees average | per acre acre Living | chant- 

z tree. trees. able 
dead 
trees. 

Years Feet Inches. (Sq.ft Cu. ft Cu.ft. 
UGS er seeye ees? 5 ee eran hs es Sema 2 ke ea = 1 1.9 1,550 370 380 
AN Beg he Ae hc dy, PI 9 as aa 25 FoF 1,290 44 630 640 
7G a coe ene Sa ne DP REA 32 3.2 1,000 56 950 970 
BO eee BS A dh a oie 37 3.7 880 66 1,240 1, 260 
Ta aoe ee Se Se EE ee eae 42 4.2 770 74 1,490 1,530 
OFA Saas Re SE LG og et AR Sn a 46 4.7 650 79 1,720 1,770 
A Pe van w= RE His 1a ae ey ee eras 40 51 560 82 1,930 2,000 
LS | es eg Ee Sans <8 So Beane ace 52 BaD 515 85 2,120 2,210 
BD Fe infers Se es RON ets ee 54 5.8 480 88 2,290 2,380 
GOES aes oo ee sR 8 i ee ee a8 56 6.2 430 90 2,440 2,550 
Tere pee ns Oe eee 5 eee oes eee 58 6.5 400 92 2,570 2,700 
(a ee eae Pe RE ee 60 6.8 275 94 2,690 2,830 
Lee re ee Se eer eee Te rere 61 a 345 95 pany | 2,950 
} 
CORDWOOD. 


The figures given in Table 26 were derived by dividing the yields 
in cubic feet for the different types, qualities, and average breasthigh 
diameters at different ages, given in the preceding tables, by the 
cordwood converting factors—that is, the correspondmg number of 
cubic feet per cord, given in Table 41, Appendix. This method is not 
entirely accurate, but the results are fairly close to the average for 
each type and quality class. 
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TABLE 26.— Yield per acre in cords—chestnut, oak-chestnut, and oak types. 


Chestnut type. Oak-chestnut type. Oak type. 

Age. 

Quality| Quality) Quality] Quality; Quality; Quality) Quality| Quality] Quality 
ite Il. TT Me 1 1000 Il JO, 1QU 

Years 
{ls see Gt 6 SHIA BEEY Se eae 16 12 9 12 10 8 9 8 6 
PAO) ASS i eS ln ee 23 18 13 19 16 12 15 12 10 
Die Ae O nD ACTS 30 24 18 28 22 17 23 18 14 
203 So go Se Cee CS eE eer ean 37 30 23 36 28 20 30 24 17 
3). 's doe aaah Bee eee 43 35 27 4] 33 24 36 28 21 
AQ. 0 elie i Se ee 48 40 31 46 3 27 40 32 24 
15 oie 6 one eR OEE EE eee 53 43 34 49 40 30 44 35 26 
5). Se oRecoee ese eee Soe eae 57 46 37 53 42 32 48 38 29 
ED), SGC RS Seee Coe ae ee 61 49 39 56 45 33 51 40 30 
UD. . Hag oh Ao ee aenmae oeee 63 51 4] 59 47 35 53 43 32 
dnd AES Bue: 4 Ae ae ee 66 53 42 62 49 37 55 45 34 
FAC) Bene sees aetna ae ee Sa 68 55 44 64 51 38 58 47 35 
115) a ENT NT ee a eee 70 57 45 66 53 39 60 48 36 


LUMBER—CHESTNUT TYPE. 


To obtain the figures given in Table 27 the individual sample 
plots were scaled by the board-foot volume Tables 42-44, Appendix, 
for chestnut and oak. In scaling the plots it was necessarily assumed 
that every tree large enough for lumber was sound, straight, and clear 
enough to produce the amount of lumber given in the table for the 
corresponding diameter and height. The yields must therefore be 
considered ideal, and should be discounted for a given stand accord- 
ing to the variation in straightness, soundness, and clearness of the 
timber. Since the trees upon which the volume tables are based 
were not of the first quality, it is probable that a discount of from 10 
to 15 per cent would, in most cases, be sufficient. The yields include, 
besides chestnut, the proportion of oak lumber, never exceeding 40 
per cent, which commonly exists in stands of the chestnut type. The 
volume in “‘additional cordwood”’ is that from trees too small to cut 
into lumber, and from. tops and branches of logged trees, and is 
derived from the volume in cubic feet of ‘‘topwood”’ given in Tables 
42-44, together with the volume in cubic feet of ali the trees in the 
plot under 9 inches diameter breasthigh scaled by Tables 38-40. The 
resulting total volume per acre in “‘cubic feet additional” in this and 
succeeding tables is converted into cords by dividing by 80, the 
number of solid cubic feet which it was assumed that a cord of small 
trees, tops, and branches would contain. 
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TABLE 27.— Yield per acre in lumber and additional cordwood—chestnut type. 


| | 
| Quality I. | Quality II. Quality III. 
| 
Age. | is Addi- | Addi- 
;| tion tiona tional 
| Lumber. Te Lumber.! cord Lumber.! ae 
wood wood wood. 
Years Bd. ft. Cords Bd. ft. Cords. Bad. ft. Cords 
D0 SS sa ae ER 300 O |. 2 erates es aes ee ee 
Os peace oe + Ane cae iS RE SR eS 1, 400 2). cease 32a] oe ae SU ee eee 
BO soa dees Sa Loe ee Se i eR ee 2,850 30 900 27 helices sce ee eee 
i oe Sue Sch MRR RN el RS oe 5, 100 29 2,100 29 900 24 
BO: 3c SS NE: SE SR 2, Oe 8, 200 28 3, 700 31 1,800 26 
Oe RES N= Ra ete, Ae a enna 2 11, 060 28 5, 400 31 2,900 26 
| as Se Pe) es eee 13, 800 28 7,7 29 4,100 26 
[tes ae a © Senet a ONE > Se 16, 500 27! 9,900 28 5,500 25 
0a SARE Oe ath 2 I a eg ae 19, 100 25| 12,000 26 7,000 24 
(eae Erne en fe ee eo ie Bee 21, 600 24/| 14,000 25 8, 490 22 
ee a Rae Se Se Re AS, Ed A pete Sr 23,900 22 | 16,100 23 9, 800 21 
cite ge aN aia lest os Pada 1, 100 19 


I 
oO 
bo 

RS) 
~] 
S 
ho 
_ 
i" 

Fad 
ie) 
S 
bo 
— 
i" 


1 Scaled by the international rule. 


TIES—-CHESTNUT TYPE. 


Table 28, which shows the yield in ties and additional cordwood, 
was constructed from Tables 45-47, Appendix, on the same assump- 
tions regarding the stand as in the case of the lumber-yield table. 
The figures should therefore be discounted for a given stand by a 
figure varying with the straightness, soundness, and clearness of the 
timber. The yields are for both chestnut and oak ties. Although the 
published specifications for ties do not consider black or red oak, 
these are included for the reason given on page 45. If it is desired to 
limit the application of the table to white oaks and chestnut, the 
figures should be discounted by a figure in proportion with the 
estimated number and size of red and black oaks per acre suitable for 
ties at the time for which it is desired to determine the yield. 


TABLE 28.— Yvreld per acre in ties 1 and additional cordwood—chestnut type. 


Quality I. Quality I. Quality I. 


Age. Add Fae Addi- 

. tiona = tiona < tional 

Ties cord- Ties cord- Ties cord- 

wood wood wood 

Be Years Number mis Number Cords Number Cords 
annie a Baek aaa sete seco Sees tse 9) SS (OO a Ce ee) ee 
UN ie es Re pe Ger nae Pe me ie sy oe 76 34 20 29. boc RAR eee ee 
1 a eR ee pi Lee LP Pete ee een ENE 140 37 55 33 20 25 
A Ss tak ko: Hee Sk ON Se Si <r eee eae 225 38 100 36 45 28 
0. GSE EE ree ee ns pany SPUR ie a ys? et CSO. 320 37 150 36 75 30 
Ese Te a rE RAE. ee ae ee 435 35 215 35 110 31 
Re Ae ae a Se eens 2 Pe, beg yee od ae CY ! 565 32 290 33 145 31 
GO sak Reha 2A A ee eek. SEA ES a es 710 29 365 30 190 30 
se ee ete ee ele Sey Re Ee BN pk SN eA oe 855 26 440 28 235 29 
ee ee a De ee ice gle Sianty “asl ee be 975 25 510 26 280 28 
Ti ee ei os) Sena Nee PEE etek call 1,075 24 575 25 330 26 


1 All first class—6 by 8 inches by 8 feet. 
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POLES—CHESTNUT TYPE. 


Table 29 shows the approximate yield per acre in chestnut poles, 
chestnut and oak ties, and cordwood. It is assumed that all trees 
which do net come up to the specifications for poles will be cut for 
ties, and that whatever small trees remain, together with the branches 
and tops of the felled trees, will be utilized for cordwood. The figures 
were derived from Volume Tables 45-48, Appendix. As with lumber 
and ties, the yields given do not take into account the crooked, un- 
sound, and limby trees in the stand, and should be discounted accord- 
ing to the number of these per acre. Owing to the difficulty of stat- 
ing the length of poles except as an average, it was impossible to 
include this point in the table. 


TaBLE 29.— Yield per acre in poles, and additional ties and cordwood—chestnut type. 


{ 


Quality I. Quality II. Quality IIT. 
a Addi | tional Addi. | tional Addi. | tional 
Poles. tional ae Ale Poles. tional en Poles. tional es A 
ties. ties. ties 2 
wood. wood ood 
Years. Number. Auer. Cords. | Number. | Number. Cords. | Number. | Number. Cords. 

1) re eth 6 Seca os sae | SRS Oeea ne anc Rees eller, Seaman 2 Cuma con cd aera ee eae d 
Gs hed ais 13 110 37 2 40 Sole ike SMR 2 SR See ae 
it) Sai 20 175 38 6 80 SG ial se ues ee eI, 8) Boal ees 
ayes ee he 30 195 37 11 125 Gyles ices ape eho aee, dea a mege Ele ey 
i) a8 aaeSee 41 185 35 18 170 35 3 80 31 
5 Le ee 55 150 32 25 185 33 1 115 31 
(1) Sooo 71 115 29 33 180 30 12 160 30 
ti) aa Spee 90 60 26 42 175 28 17 175 29 
7(0) SS eee ee 105) 5) Seer eret 25 51 160 26 22 175 28 
7 a TLI7/<| ey Saree 24 59 145 25 26 170 26 


HOW TO USE THE YIELD TABLES. 

The determination of the future yield of a stand is necessarily some- 
what complicated, but it should be done by every owner of woodland 
who is interested in the potential value of his property. 

The first step in the application of yield tables is to determine the 
age, type, and quality of the stand in question. In most cases the 
age is known to the owner or to old residents in the vicinity; if not, 
it can be ascertained with sufficient accuracy by counting the rings 

on a stump of a felled tree. The tree selected for this purpose should 
_be among the dominant ones, since these have usually been pioneers 
in the formation of young stands. The type can usually be told by 
the approximate proportions of oak and chestnut in the stand. The 
quality class to which the stand belongs can be found by estimating 
or measuring the height of one or more of the dominant trees, and 
comparing the result with the heights given in the yield table for the 
age class nearest to that of the stand. The probable yield of the 
stand at present and for any five-year period in the future can then 
be read from the tables for the proper type and quality class. 

Since the yield tables are for normally stocked stands only, as de- 
scribed on pages 31-33, they can not be relied upon to foretell yields of 
over or under stocked stands. Whether or not a stand is fully stocked 
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can be judged with sufficient accuracy by inspection. If the crowns are 
moderately full and eccupy more than three-fourths of the available 
space, and the trunks are of relatively good diameter and without 
large branches, the stand may be considered normally stocked. Stands 


in which the crowns occupy less than three-fourths of the growing © 


space, and in which the trunks are relatively short, thick, and limby. 
are understocked; while in overstocked stands the crowns are small 
or crowded, and the trunks slender. 


GROWTH OF STANDS. 


In connection with the growth of stands three questions must 
usually be answered: First, what has been the average growth per 
year from the establishment of the stand up to the present; second, 
how rapidly is it growing now, and is this rate slower or faster than 
it has been or is likely to be; and third, how do these rates of growth 
in a stand of a given type and quality compare with those of stands 
of the same age, but belonging to other types and quality classes? 
Answers to these questions, as determined for average, even-aged 
hardwood stands in Connecticut, are given in Tables 30-33. The 
figures in the columns headed ‘Average annual growth”’ are simply 
the yields taken from the yield tables, divided by the age of the stand 
in years. The ‘Periodic annual growth” is the average annual 
orowth for a given period (in this case five years). It therefore shows 
the approximate rate at which a stand of a given type and quality 
class will grow during any given period in its life, and is of great impor- 
tance in determining the length of rotation. (See p. 48.) 

These tables bring out two facts of importance in the management 
of even-aged stands. First, the rate both of the average annual and 
the periodic annual growth varies with the age, the type, and the 
quality class. It is most rapid in quality I chestnut and slowest in 
quality III oak. Second, at a certain point in the life of a stand the 
growth reaches a maximum and then falls off. The poimt of culmina- 
tion of the average annual growth in lumber, ties, and poles for the 
chestnut type does not come until after the seventy-fifth year, and so 
is not shown in the tables. 


TABLE 30.—Average annual growth per acre by quality classes—chestnut type. 


Cubic feet. Cords. Board feet. Ties. Poles. 
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TaBLE 31.—Periodic annual growth per acre by quality classes—chestnut type. 
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Cubic feet. Cords. Board feet. Ties. Poles. 
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TABLE 32.—Annual growth per acre by quality classes—oak-chestnut type. 


Average annual growth. Periodic annual growth. 
Age. Cubic feet. Cords. Cubic feet. Cords. 
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TABLE 33.—Annual growth per acre by quality classes—oak type. 
Average annual growth. Periodic annual growth. 
Age. Cubic feet. Cords. Cubic feet. Cords. 
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PART IV.—MANAGEMENT. 


Under management are included the various methods of handling 
woodlands by which it is sought to secure, in comparison with unman- 
aged forests, either greater returns in the same number of years or the 
same return in less time. 

The essential factors in the anne of second-growth stands 
are: (1) species; (2) the rotation, or the number of years through which 
the stand should be allowed to grow; (8) thinnings, to increase the 
yield and improve the quality of the stand; (4) the final cutting, to 
secure immediate, complete, and satisfactory natural reproduction; 
(5) methods of changing the composition of a stand from one species 
or set of species to another of greater value; (6) the regeneration of 
worn-out sprout woods by introducing healthy seedlings; and (7) pro- 
tection. 

CHOICE OF SPECIES. 


The owner of natural woodland is allowed no choice of the species 
with which to begin management, but must do the best he can with 
those which predominate in the stand. Inthe process of management, 
however, it is possible to alter radically the composition of the stand by 
judicious thinnings and the methods described under the heading, 
“Changing the type.’”’ Whether a species is suitable or not depends 
upon its relative thrift under the prevailing soil conditions; its 
security against disease, insect attack, etc.; the market for it; its 
rate of growth; and the possibility of introducing it by silvicultural 
means. 

Chestnut, because of its rapid growth and the good market open to 
it, would be by far the best species to favor in suitable situations, 
were it not for its susceptibility to the chestnut-bark disease. This 
disease, if unchecked, promises entirely to wipe out the chestnut from 
at least a large part of the State, and for this reason management of 
the species is at best a hazardous undertaking. In cuttings it will 
often be necessary, therefore, to restrict its reproduction as much as 
possible, and to favor that of oaks or other species not subject to the 
disease. The methods by which this muy be accomplished are dis- 
cussed on page 56. 

The ‘‘ black oaks’’—including black or ‘‘ yellow” oak, red oak, and 
scarlet oak—are not in great demand for ties or poles, owing to their 
lack of durability in contact with the soil, and an excellent market is 
thus practically closed to them. They are, however, well adapted to 
certain situations, are rapid growers, and would produce excellent 
yields under proper management. Red oak, especially, does exceed- 
ingly well on good chestnut soils, where its growth is often nearly equal 
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to that of chestnut. Black and scarlet oaks are more suited to 
the dry soils of the oak and oak-chestnut types, where, in fact, they 
must usually remain predominant. The oaks have the great advan- 
tage that they are not subject to any serious disease of a widely epi- 
demic nature. The wood can be treated with chemical preservatives 
at small cost, and it is very probable that in the future preservative 
methods will greatly increase the scope of these species’ usefulness. 

The ‘‘white oaks’’—white oak and chestnut or ‘‘rock”’ oak— are in 
wide demand for ties and lumber, owing to their strength and dura- 
bility. They are not susceptible to serious injury from disease, 
except in isolated cases, but, on the other hand, grow very slowly and 
require a long time to produce any material other than cordwood. 
Chestnut oak is well adapted to dry soils, and its superior sprouting 
ability fits it for management as sprout woods on dry, ridgy land of 
low value. 

Hickory, red maple, dogwood, and other hardwood species com- 
monly occur in second-growth stands of all types and qualities. They 
usually occupy a subordinate position in the stand, where they form 
an important and valuable source of cordwood. Hickory, while in 
ereat demand in the wagon and tool-handle industries, is of very slow 
erowth, and does not do well enough in the State to warrant its man- 
agement as the principal tree of astand. Other species, such as white 
and red pine and yellow poplar, are particularly desirable for manage- 
ment in suitable soils, but their discussion lies outside the scope of 


this bulletin. 
FACTORS INFLUENCING ROTATION. 


In deciding upon the leneth of rotation to be adopted the four most 
important considerations are: (1) The method by which it is planned 
to reproduce the stand; (2) the kind of material to be obtained; (3) the 
time at which the average annual growth culminates for any given 
kind of material; and (4) the time when the stand, if cut, would yield 
the highest net money return. 


METHOD OF REPRODUCING THE STAND. 


The reproduction by sprouts of chestnut and oak stands in Connect- 
icut has proved so simple and easy a method that it will probably 
continue to be the one most practiced in the State. Its influence upon 
the choice of a rotation has to do with the danger of delaying the cut 
until the stand passes the age of vigorous sprout production. In 
chestnut stands this danger is not serious, since the trees will usually 
produce vigorous sprouts even if not cut until 75 years old or even later. 
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Nevertheless, while the vigor of sprouting from such stands may be as 
great as it would be if the final cutting were made earlier, the density 
of the sprouts may be much less, since at the age of 75 years there will 
be fewer trees, and consequently fewer stumps. This may result in 
understocking and the development of limby or crooked trees of small 
value except for cordwood. 

Oaks decrease in sprouting capacity much earlier than chestnut, 
and should therefore be cut earlier. Of the oaks found in Connec- 
ticut, chestnut or ‘‘rock’’ oak probably retains its sprouting ability 
for the longest time. A maximum rotation of 45 years might be used 
for this species with fair hope of securing satisfactory sprout repro- 
duction. For the other species of oak, rotations of more than 25 or 
35 years could probably not be depended upon to result in good 
stands of sprouts. Under long rotations many of the stumps would 
utterly fail to produce sprouts, while most of those which did sprout 
would tend to produce only relatively weak and inferior saplings. 

Repeated clear cuttings of a sprout stand will ultimately reduce 
its sprouting capacity and the rate of growth of the sprouts, and 
increase its susceptibility to disease. The treatment under such con- 
ditions is outlined on page 57 under the subject of “‘ Regenerating 
worn-out sprout stands.” 

In old stands containing a preponderance of oak, reproduction must 
necessarily be secured by natural seeding, with or without assistance 
by planting. In such cases rotation may be of any length indicated 
by the other factors, except that in stands under 40 or 50 years old 
seed production is likely to be too scanty to insure good reproduction 
after cutting. 

CHOICE OF MATERIAL. 


What kind of material it will be best to grow, whether cordwood, 
lumber, ties, or poles, will depend upon market conditions, illustrated 
for the present time in Tables 9 to 16, and upon the number of years 
necessary to produce each kind, as shown in the yield tables. There 
is little prospect of more than a temporary decline in the value of any 
of the standard products of Connecticut woodlands, and the stumpage 
values given in Part IIT may therefore be safely taken as conservative. 

Tables 34 and 35 show how to apply the stumpage values given in 
Tables 10, 12, 14, and 16 to the yield tables in order to obtain the 
approximate stumpage value per acre in cordwood, lumber, ties, and 
poles. The case is that of a quality IT chestnut stand, 4 miles from 
market (2 trips per day haul), and with teaming wage rates at $5 per — 
day. Table 34 is based on a market value for cordwood of $4.50, 
while in Table 35 it is $5. This is the only difference. The tables ~ 
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show at a glance what are the most remunerative products.!. They 
also show the immense difference in the stumpage value per acre 
caused by the comparatively slight difference of 50 cents in market 
value of cordwood. This affects the stumpage value per acre of the 
other products, owing to the inclusion of the ‘‘additional cordwood.”’ 
While the chief purpose of these tables is to show the wide differ- 
ences in the value of a wood lot used for different purposes, they also 
bring out graphically the relation between stumpage and _ profit. 
This is most striking in the case of cordwood in Table 34. With a 
market value of $4.50 per cord, the stumpage value per acre, for a 
~4-mile haul, is almost negligible. The profit which the operator 
would have to receive to make his investment pay 20 per cent is very 
much greater. If he wished to receive this profit he could not afford 
to pay more for his stumpage than the amount indicated in the 
stumpage column. In the case of the other materials, the amounts 
given for stumpage value and profit cover not only the lumber, ties, 
or poles but also the additional cordwood left in tops, branches, and 
small trees. It should be remembered that the profit is figured on 
the total investment, including both the expenditure for stumpage 
and that for the total logging operation from stump to market. 


TasLe 34.—Stumpage values per acre? of different materials, when the price of cordwood 
is $4.50, for quality IT chestnut, by five-year periods. 


{For a stand 4 miles from market, 2 trips per day, with teaming wage rate of $5 per day.] 


Lumber, at $18 per | First-class ties, at | Poles, at $4.10 
Cordwood, at $4.50 M board feet and 50 cents apiece apiece with ad- 


per cord. additional cord- and additional ditional ties and 
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1 These figures should not be depended upon in any specific case. While they are based on approximately 
average yield data and logging costs, individual costs may vary considerably from them. In the acre values 
for poles, 35-foot poles are assumed in each case, though the average length would undoubtedly be less for 
young and greater for old stands. It should also be borne in mind that the yield tables for ties, lumber, and 
pore are based on the assumption of straight and sound timber, and do not take account of crookedness or 

ecay. 

2 These are the money equivalents of the yield tables for quality II chestnut, and are based on the stump- 
age values given in Tables 10, 12, 14, and 16, to secure a profit of 20 per cent on the combined investment 
in stumpage and logging, 
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TABLE 35.—Stumpage values per acre’ of different materials, when the price of cordwood 
is $5, for quality IT chestnut, by five-year periods. 


[For a stand 4 miles from market, 2 trips per day, with teaming wage rate of $5 per day.] 


Lumber, at $18 per | First-class ties, at| Poles, at $4.10 


Cordwood, at $5 M board feet and 50 cents apiece apiece, with ad- 
per cord. additional cord- and additional ditional ties and 
wood. - cordwood. cordwood. 
He 20 2 
per 0 per 20 per 
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ZAG AR AI ae 19. 80 35. 70 36. 60 42.00 38. 80 42.30 61.90 47.80 
SONS e Aenea ry ak 21. 20 38. 20 45.10 47. 20 47.90 47.00 85. 20 55. 50 
ET ea s Ee e e 22. 60 40.70 53. 80 52.90 58. 10 51.50 103. 60 59. 90 
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Css ade i ee 24. 40 44.00 69.30 62. 80 78. 00 59. 70 141.30 65. 40 
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i These are the money equivalents of the yield tables for quality II chestnut, and are based on the stump- 
age values given in Tables 10, 12, 14, and 16, to secure a profit of 20 per cent on the combined investment 
in stum page and logging. 


CULMINATION OF THE AVERAGE ANNUAL GROWTH. 


The higher the average yearly production of a piece of woodland, 
the greater of course will be its continuous producing value if cut 
over repeatedly. The ages at which the average annual growth in 
cubic feet and cords culminates are indicated by italic figures in 
Tables 30, 32, and 33. From the tables it is apparent that if a wood- 
land is to be cut over repeatedly for cordwood, the greatest amount 
will be secured if the cutting 1s made at the following ages: 


Years 
Chestnut, qualities, Pand Vl... 2 fas 22 ee ee eee 35 
Chestnut; quality bass eee et ee ee oe ee 40 
Oak-chestnut, qualities I and-ll J 2: 2255522 22a ee ee 30 
Oak-chesinut, quality TLD. 2:71.25 4 use 35 
Oak; qualities Djand (TLS. i\.:4585..2 5298.9) ee eee 35 
Oak} quality TUT. oe:sicoce es Rs ee eee ce 40 


These lengths of rotation are so nearly similar that it is safe to place 
the cordwood rotation for second-growth hardwood stands at from 
30 to 40 years. To insure successful sprout reproduction the rotation 
for stands containing much red, black, or scarlet oak should be 30 or 
even 25 years, though the latter period may involve a sacrifice of 
from 38 to 5 cords per acre. In stands of chestnut oak the rotation 
may be as long as 40 years. 

For lumber, ties, and poles, in the chestnut type, the rotation may 
be as long as 75 years. In many cases other considerations, such as 
depreciation of the stand, will call for shorter rotations, but not with- 
out a sacrifice in the continuous producing capacity of the land. 


Bul. 96, Forest Service, U. S. Dept. of Agriculture. PLATE III. 
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GREATEST INCOME. 


The greatest volume production of a stand does not necessarily 
correspond with the highest net income. The accumulation at com- 
pound interest of taxes, interest on the investment, and other outlays 
may prevent a heavy average yearly production of material on a 
long rotation from yielding as large a net return as a shorter rotation 
and a smaller mean annual growth. The conditions with regard to 
taxation and investment vary so widely that it is not practicable to 
discuss them in this report. Every owner should consider them, 
however, in the management of his woodland. 


THINNINGS. 


A stand of timber is much more valuable if its volume is contained 
in a few large, well-formed trees than if it is distributed among many 
small trees. The aim of thinning, therefore, is to throw the whole 
volume of growth of the stand into only as many of the best trees as 
will fully utilize the growing space. This is done by removing all 
other trees that seriously interfere with them. Furthermore, if the 
proper trees are selected for removal and the thinnings made at right 
intervals they will not only yield a direct money return, but will 
result in maintaining at the maximum the volume growth of the trees 
left without interfering with the production of long, clear trunks. 


OBJECT OF THINNINGS. 


Since it is in the leaves that the food of the tree is manufactured, 
any increase in the amount of foliage will increase the food supply, 
and thereby the rate of growth. Leaves need a certain amount of 
sunlight in order to manufacture food, and are not produced in those 
portions of the tree which receive insufficient ight. Thinnings, there- 
fore, stimulate volume growth by opening up the stand and allowing 
more leaves to be produced on the trees left than would be possible 
if they were crowded by their neighbors. 

While the volume growth of stands is stimulated by opening them 
up, their height growth is greatest if the trees are moderately 
crowded. The period of most rapid height growth in oak and chest- 
nut stands is during youth, and the rate of growth ordinarily begins 
to decrease between the twentieth and thirtieth years. During this 
period a moderate crown shade prevents the growth of lower branches, 
and all the energy of the tree is directed toward its growth upward. 
Occasionally, however, the crown shade during this period is so heavy 
that the individual trees are unable to produce enough leaves even 
for a rapid height growth. In such stands thinnings are especially 
desirable. Since during youth the remaining crowns rapidly expand 
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and fill the openings left, moderate thinnings may be conducted at 
this time without much danger of seriously interfering with the rate 
of height growth. Thinnings in young stands of average density may 
be made with advantage as soon as it is apparent that the number of 
cords of merchantable wood which can be removed without unduly 
opening up the stand is sufficient to pay the cost of thinning. 

If too much of the stand is removed, leaving the remaining trees 
in more or less isolated positions, the volume growth, while greatly 
accelerated, will take place largely in the branches, giving the tree a 
bushy appearance. There is a medium grade in thinning, however, 
whereby the growth may be stimulated without resulting in the 
development of large branches. In chestnut and oak stands this is 
when the crown cover is opened up to an extent that the trees left will 
fill up the openings within a period of about five years. Except in 
young stands this ordinarily means increasing the space between the 
crowns by from 3 to 5 feet. Often it is necessary to leave even more 
space, as when a large diseased tree has been removed; but even then 
little damage to the form of the neighboring trees is likely to result, 
while the growth increase will be correspondingly greater or more 
prolonged. In all except very young stands thinnings will remove 
enough wood not only to pay for the thinning but to yield a profit. 


TIME AND SEVERITY. 


Thinnings should be begun early in the life of the stand and con- 
tinued at 5 or 10 year intervals until! it is mature and ready to be cut 
clear. It is better to thin lightly and often than heavily and at longér 
intervals. The amount to be removed in thinnings in general depends 
upon the age, type, quality, and density of the stand and the chief 
products desired. In young stands more trees per acre should be 
removed than in older ones of the same type or quality, though the 
per cent of volume cut may beno greater. Thinnings may be heavier in 
chestnut stands on fertile soil where the trees grow rapidly and straight 
than in chestnut or oak stands on poorer sites. When fuel wood is to 
be the product thinnings should be the heaviest, since in this case there 
is no objection to the abundant protection of branches, the one essen- 
tial being to utilize every bit of the growing space. Heavy thinnings 
will also result in the rapid production of short logs suitable for ties. 
The long clear trunks necessary for poles and lumber are best pro- 
duced in well-closed stands, and thinnings should be light. 

In 18 typical thinnings made in the course of this and former 
studies in Connecticut, the amount removed varied from 20 to 40 
per cent of the cubic volume. Most thinnings will fall between these 
extremes. Damage from chestnut blight, fire, or insects may some- 
times necessitate much heavier thinnings than would otherwise be 
desirable, and ‘‘damage cuttings” may often exceed 50 per cent of 
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the cubic volume. Thinnings of this kind result in many large open- 
ings in the crown cover, and every effort should be made to leave 
enough of the smaller trees and undergrowth to fill the openings and 
protect the soil. The approximate amount of wood obtainable in 
thinnings of a given degree of severity can easily be found for stands 
of different ages and qualities by computing the required per cent 
(20 to 40 per cent) of the cubic foot yields given in Tables 17 to 25. 
It should be remembered that while more trees are removed in thin- 
ning young stands than in thinning older ones, the actual volume of 
wood secured is not as great, and hence the labor cost per cord is 
greater. 
TREES REMOVED. 

In discussing thinnings it is convenient to classify the trees in a 
stand as “‘dominant,’’ ‘‘codominant,”’ ‘“‘intermediate,”’ “‘overtopped,”’ 
and ‘‘dead.’”’ These divisions are termed ‘‘crown classes,’ and may 
be readily observed in any unthinned woodlot. The dominant are 
the conspicuously tallest and most thrifty trees. The codominant 
trees may be as tall, but do not have such well-developed crowns. 
Intermediate trees are those which form the lower part of the crown 
cover; not as tall as the dominant or codominant, but whose crowns 
still receive light from above. The overtopped trees are those which 
are shaded from above by their neighbors. They may be either 
flourishing trees of shade-enduring species, such as maple, black 
birch, hickory, or hemlock, or else suppressed individuals of light- 
needing species, like chestnut, which will soon die from lack of light. 
Dead trees are always present in large numbers in the average uncared- 
for woodlot. In this discussion, however, dead trees include only 
those with a merchantable value for cordwood. 

Aside from dead trees, which may always be removed, no tree 
should be cut merely because it belongs to a certain crown class. 
Thus it may often be desirable to remove an unthrifty codominant 
or even dominant tree in preference to one or more adjacent inter- 
mediate trees of better promise. No definite rule will fit all cases, 
and the removal of individual trees is largely a matter of judgment. 
In general, all trees should be removed which are either unnecessary 
or actually harmful to the stand by interfering with the develop- 
ment of better trees, or by endangering the spread of disease. 

The trees should be favored in the order of the crown classes; that 
is, there should be taken out first the merchantable dead trees, next 
the overtopped, then some of the intermediate, while as many as 
possible of the thrifty codominant and dominant trees should be left 
standing. Since enough living trees must be left to shade the soil 
and keep out weeds it may often be necessary to leave some of the 
overtopped trees. Large openings in the stand should always be 
avoided, 
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Table 36 shows the number of trees removed and the yield in 
cubic feet secured in four actual thinnings. In each case all the mer- 
chantable dead wcod was removed, but in the third example a pre- 
vious cutting had taken most of the dead trees. The yield in cubic 
feet can be reduced approximately to cords by dividing by 80. The 
average amount of merchantable dead wood obtainable from pre- 
viously unthinned stands of various ages can be obtained from Tables 
17 to 25 by deducting the yield in living wood from that in living and 
merchantable dead wood. 


TABLE 36.—Number of trees and volume of wood per acre removed in thinning four 
stands, by crown classes. 


NUMBER OF TREES REMOVED PER ACRE. 


Tetal. Dominant. | Codominant. | Intermediate.| Overtopped. 
hg Rd SESS A PO Ga 1 I ae RE tas is TM Ned eee ele 
mae yeas Re Re Re Re R aed 
= = - » C= e- moved. 
moved. Left moved. Left moved. Leit. moved. Left. moved. Lett. 
Chestnut: < 
Quatity III..| 25-30 384 | 316 8} 104 28 92 108 88 172 32 68 
IDO ee 45 432 216 4 124 56 52 40 | 20 124 20 208 
Quality il... 45 ZO mie 202 apne aes 148 16 80 5Oule sass 44 20 8 
Oak: 
Quality IIT.. 46 372 | 352 16] 184 16 84 68 68 140 16 132 
VOLUME OF WOOD REMOVED PER ACRE. 
Proportion of amount removed. 
Total re- 
Total left. 
Age— Pe Domi- | Codom- en Over. Dead. | Total. 
Type. Wears nant. | inant. Aes topped. 
Cubic | Per | Cubic | Per Per Per Per Per Per Per 
feet. |cent.| feet. | cent.| cent. | cent. | cent. | cent. | cent. cent. 
Chestnut: 
Quality III..} 25-30 428 30 | 1,008 70 14 24 31 24 7 100 
Dowaheu 45.| 1,243 38 | 2,036 62 2 29 15 16 38 100 
Quality II... 45 682 18} 3,135 Sore eee 22 57 17 4 100 
ak: 
Quality IIT. . 46 553 28 | 1,404 72 11 10 24 21 34 100 


RESULTS OF THINNINGS. 


There are many even-aged stands in Connecticut which have not 
been cut clear, but from which many of the larger trees have been 
removed for poles or ties. These stands sometimes show to a re- 
markable degree the effect of increased light in stimulating the 
erowth of the trees left. In a 46-year-old quality I chestnut stand, 
examined in the course of the study, a heavy cutting for ties had been 
made 14 years before, when the stand was 32 years old. All trees 
over 10 inches in diameter which would make a tie were removed, and 
the rest of the stand left. At the time of the examination the larger 
trees of the stand, now 46 years old, had just been cut for poles, — 
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The elapsed 14 years had thus been sufficient, with the large increase 
in light and growing space from the tie culling, for their growth not 
only to tie size, but to the much more valuable dimension of large 
poles. A measurement of the rings of annual growth on the stumps 
of the trees thus cut for poles gave the results shown in Table 37. 


TABLE 37.—Increase in growth at the stump, resulting from removal of the largest trees. 
(Chestnut type, qualit y I, 46 years old, thinned 14 years before; area about 3 acres.) 


Average diameter in- 


ry 6 9°01 
side bark at time of | 4Verage width of ring. Increase 


Diameter | in rate of 
at time of | average 


P cutting if annual 
s jae eae Oe prigumel ‘ crow Ee Basis. 
ais 4 Final Before After wae i) UO 
Thinning. cutting. thinning. | thinning. erowtn bee aS 
ning. 
Inches. Inches. Inches Inches. Inches. Inches. Percent. | Stumps. 
1 oe CORE e eee A 7.8 12.4 0.13 0.19 ints} Sal 1 
PSEA RU Sab! RS ON 7.9 13.0 12 19 11.3 4.7 5 
WA ee ee cctiars spe. 9.4 13.9 15 18 13.5 0.9 6 
BSE CESS Sk 9.3 15.0 14 22 1350 4.0 19 
Ge eee Sk 9.6 16.0 15 24 1357, 5.3 9 
(2 Ph a ae eee 9.6 16.9 15 24 13.7 7.6 6 
TS see eet tae eemeae Reale 9.8 18.2 16 30 14.2 9.6 11 
I ek ea 7.2 18.8 11 .39 10.3 34.0 1 
O10) sete By Ar a Gaeta aes 8.2 20. 2 16 30 12.7 26. 2 2 
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1 Derived by means of the formula: 
(c—b) 100 


nxa 
Where I=per cent of increase in rate of average annual growth in area, as a result of thinning: 

a=surface area of stump at time of thinning; 

b=greatest possible surface area 14 years after thinning if eee rate of growth had continued; 

c=actual surface area 14 years after thinning; 

n=interval between thinning and final cutting—in this case 14 years. 

These percentage figures are directly applicable to volume growth if the total height and form factor 
are constant. This assumption is made in the above column, 

With the heights and form factors of the trees constant, it is 
evident from Table 37 that the yearly growth in volume increased 
by from 1 to 34 per cent as a result of thinning. Since the percentages 
of increase given in the table are based upon the average growth 
before thinning and not on the actual rate at which the trees were 
growing when the thinning was made, they may be taken as con- 
servative. Asa matter of fact, the faces of the stumps showed that 
during a period, varying with individual trees, of from 8 to 19 years 
just preceding the thinning the rate of growth had been considerably 
slower than before. This shows that the trees had begun to be 
crowded or more or less suppressed by their neighbors. It is prob- 
able that even if the trees had survived this competition during the 
14 succeeding years they would have increased very little in diameter. 
By the removal of their larger neighbors, however, they were 
enabled to put forth new foliage in such abundance that their sub- 
sequent growth was more than doubled. Though their growth in 
height may not have been quite so rapid as in a denser stand, it was 


nevertheless sufficient to produce excellent poles. 
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The example cited shows that good results may be obtained from 
a system of thinning in which, instead of removing the small trees, 
the largest ones in the stand are taken. This method of cutting 
lends itself to stands in which there is a market for only the larger 
trees. Unless very carefully used, however, it is very likely to 
result in a distinct decrease in the ultimate productivity of an area. 
' The danger of overcutting is great, while the removal of the dominant 
trees is sure to damage more or less the intermediate and overtopped 
ones. | 

FINAL CUTTING AND REPRODUCTION. 


On land which is to be devoted permanently to forest the final 
cutting should be considered only an intermediate step in a con- 
tinuous process. The principles which determine when the final 
cutting should be made have already been discussed under ‘‘ Rota- 
tion.” There remain to be considered the best methods of cutting 
to secure abundant reproduction of desirable species, and means of 
renewing the vigor of sprout stands. 


CLEAR-CUTTING SYSTEM. 


The common practice in Connecticut of cutting hardwood stands 
clear is in a majority of cases the best that could be adopted. It is 
relatively cheap and simple, and when done at the right time, is 
followed at once by satisfactory reproduction. 

The chief incentive to clear cutting in Connecticut has been the 
fact that it is usually possible to market the entire yield of the stand, 
if not in certain kinds of material, then in other kinds. Whether or 
not this can be done really determines the practicability of clear 
cutting, and should always be ascertained beforehand. Few wood- 
lands in Connecticut are so far from market that poles, ties, or lumber 
have no stumpage value, and even in the case of remote stands there 
is often a local market which yields a slight profit on the posts, rails, 
and cordwood left after logging. Where length of haul prohibits 
the disposal of cordwood, charcoal may yet be burned to complete 
the utilization of the stand. If it is impossible to dispose of cord- 
wood or other minor products, cutting can not, of course, be prac- 
ticed, and the method described on pages 52-54 (Table 37) may be 
adopted. 

If it is planned to reproduce the stand by sprouts, the season of the 
year in which the final cutting is made is of great importance. Cut- 
ting should always be done during the season of ‘‘ vegetative rest,”’ 
from late fall to early spring. Cuttings made during this time of the 
year are far more likely to result in good stands than if made during 
the “vegetative season’’—late spring and summer—after the nour- 
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ishment stored over winter in the roots has risen in the sap. Summer- 
cut stumps often produce weak sprouts, which are still too tender 
when frost comes to withstand it. 

Much waste may be prevented by cutting stumps low. Where 
sprout reproduction is desired the stumps should be left with smooth 
surfaces, and should be cut at a sufficient angle to allow water to 
drain off. Care should be taken not to strip the bark from the stump, 
since this injures or. destroys the sprout-producing buds, besides 
facilitating decay. : 

To lessen danger from fire and to restore to the soil food elements 
taken from it by the tree, all branches too small for use should be 
lopped so that they will lie flat, and then scattered in order to hasten 
decay. The wood should either be removed at once or piled along 
roads, and not hauled through the woods later among tender sprouts. 


POLE-WOOD SPROUT SYSTEM. 


In spite of the simplicity of the clear-cutting system it can be 
recommended only where there is a reasonable certainty of abundant 
and evenly distributed reproduction. Failure in this respect is most 
likely to occur in the oak and oak-chestnut types, and in old chestnut 
stands where a complete stand of sprouts can not be depended upon. 
In such cases it is necessary to insure enough seedling reproduction 
to fill m the spaces not occupied by sprouts. The best way to do this 
is by ‘‘the pole-wood sprout system,’’ in which the stand is removed 
in two cuttings. The first cutting resembles a heavy thinning and 
leaves more than half the stand well distributed over the area as a 
source of seed supply. The second cutting is made 5 or 10 years later, 
or as soon as seedlings have appeared in sufficient abundance to com- 
plete the scattered sprout reproduction from the stumps of the first 
cutting. If the second cutting is too long delayed, both sprouts and 
seedlings will suffer from the shade of the standing trees. 

In the first cutting the inferior and suppressed trees are removed, 
as well as those of undesirable species. Portions of the stand which 
can be counted on to furnish complete sprout reproduction—as 
clumps of thrifty young chestnut—should be cut clean; elsewhere the 
thinning should be as uniform as possible. 

The second cutting should be clean, unless it is desired to leave a 
few scattered, thrifty trees for the production of large timber. In 
removing the stand care should be taken not to injure the under- 
growth of sprouts and seedlings. 

The cost of cutting and getting out the wood under this method 
will be somewhat greater than under clear cutting, but where satis- 
factory sprout reproduction is uncertain this additional expense will 
be justified by the better reproduction secured. 
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CHANGING THE TYPE. 


- While chestnut is in many respects the best species for woodlot 
management, the danger of infection from the chestnut blight is at 
present so great that it will often be desirable to replaceit with other 
species. In stands of pure chestnut, with their persistent sprouting 
capacity, there is little hkelihood of accomplishing this economically. 
Even if the chestnut were effectually prevented from sprouting after 
being cut, the expense of planting or sowing the area with other 
species would probably be prohibitive. 

The composition of mixed stands of chestnut and other species, 
however, can be materially altered. The best way to do this is 
through a modification of the pole-wood sprout system, in which the 
first cutting leaves all the chestnut, together with enough seed- 
bearing trees of the preferred species, to insure satisfactory repro- 
duction. By deferring the removal of the chestnut the usual dense 
and rapid growth of chestnut sprouts will be delayed, and the seed- 
lings and sprouts of the preferred species given a much better chance 
to suppress them when they do appear. When the ground is stocked 
with thrifty young growth the seed trees should be felled, but the 
chestnut left until the young growth is of sufficient height to maintain 
itself successfully against the rapid-growing chestnut sprouts. Seed 
reproduction from chestnut is normally so scant that there is little 
danger from this source. 

The fact that sprouting is less vigorous after summer cutting than 
after winter cutting suggests another method of controlling the com- 
position of the succeeding stand. This is to cut during the summer 
the species which it is not desired to reproduce, reserving the desirable 
species for winter cutting. By this method it may be possible to 
eliminate or greatly reduce, if necessary, the chestnut in oak-chestnut 
stands. If the cutting is made during a good seed year for oak, the 
openings resulting from removal of the chestnut will stock with oak 
seedlings. Similarly, in mixed stands of white pine and hardwoods, 
good pine reproduction may be expected if the logging is done during 
the summer of a pine seed year, and a few of the seed-bearing pines are 
left standing. An instance of this is illustrated in Plate IX, figure 2. 
It is often advisable, where a change of type is desired, to leave a few 
seed trees of the preferred species. The number per acre, depending 
on the lightness of the seed, will vary from 2 or 3 for white pine to 10 
or 20 for oak. These should be removed as soon as reproduction be- 
comes well established. If sprouts start from stumps in sufficient 
numbers to choke out the seedlings, they should be cut during the 
summer. 
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PLATE V. 


ABOUT 15 


Fic. 2.—SAME STAND AFTER A HEAVY THINNING. 


Fia. 1.--FORTY-FIVE-YEAR-OLD QUALITY II] CHESTNUT STAND 


CORDS PER ACRE WERE REMOVED. 


BEFORE THINNING. 


PLATE VI. 
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FIVE-YEAR-OLD QUALITY III CHESTNUT OAK STAND BEFORE THINNING. 


1.—FORTY 


FIG. 


Fig. 2.—SAME STAND AFTER THINNING. 
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REGENERATING WORN-OUT SPROUT STANDS. 


After a stump has produced several rotations of sprouts it gradually 
loses its sprout-producing capacity. This is largely due to the decay 
of the original root system of the tree, from which the sprouts drew 
much of their nourishment, as well as decay of the successive root 
systems of the sprouts themselves. Stands which in the beginning 
produce the best and most rapid-growing sprouts will, with successive 
cutting, gradually lose in rate of growth and thrift until they become 
practically worthless. Such stands often fail entirely to produce 
sprouts, because their slow growth prevents them from being cut for 
cordwood or other uses until after the maximum age limit for sprout 
production. Many more successive crops can be obtained from chest- 
nut than from oak; but even chestnut stands ultimately become worn 
out and in need of renewing. 

To regenerate worn-out stands it is necessary to secure a repro- 
duction of seedlings. This may be accomplished either naturally, 
by leaving seed trees on the area, or artificially, by sowing or plant- 
ing. Often a combination of the two methods is advisable, the 
second supplementing the first. The final cutting should in this 
case be made in summer, in order to discourage sprouting from the 
cut stumps. Where the growth of sprouts threatens the seedlings, 
light surface burning just previous to the seed fall or planting, 
especially if brush is piled and burned on the smaller stumps, will be 
effective. Burning should always be conducted when there is the 
least danger of the fire spreading, and should be kept constantly 
under control. Except in the case cited, the use of fire should be 
avoided, since it destroys the surface layer of decaying leaves and 
humus. , 

If natural reproduction is supplemented with planting or sowing, 
a change of type may be made at the same time. Thus white pine 
seed may be sown broadcast, -r seedlings planted, in the spring 
following the cutting. Planting is the preferred method. In gen- 
eral it is much better to replace worn-out hardwood forests with coni- 
fers than to supplement meager reproduction by artificial planting 
of slow-growing hardwood species. If hardwoods are preferred, 
acorns or chestnuts may be sown in spots over the area, preferably 
from 4 to 6 feet apart. Three or four should be placed in each seed 
spot and buried not over an inch deep. Black, red, and scarlet oak 
acorns are not liked by squirrels, chipmunks, etc., but white and 
chestnut oak acorns and chestnuts are likely to be consumed. These 
should therefore be sown in the spring! and the area thoroughly 
poisoned by depositing over it small amounts of wheat soaked in a 


1 The method of storing acorns for the winter is described in Forest Service Circular 106. 
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solution of strychnine. This can be done with little danger to 
stock or birds if the deposits are left in tile drain tubes, in small 
covered boxes, under bowlders, etc.1 


PROTECTION. 


Protection from fire is obviously essential to the success of 
management. Even light surface fires, if repeated, scar the bases 
of the trees, permitting the entrance of decay-producing fungi. In 
addition, they destroy the surface layer of humus, which acts as a 
mulch against the evaporation of moisture and contains valuable 
food materials for the stand. Danger from fire may be greatly 
reduced by preventing the accumulations of inflammable débris, 
as described on page 55. A dangerous practice is that of piling 
brush, cut from the edges of public highways, along the borders of 
woodlands, where it dries out and is easily ignited. Contrary to 
a common belief, the presence of living underbrush of the usual 
kinds is not a serious menace. The best protection from fire lies 
in the hearty cooperation of towns and landowners in enforcing 
the State fire laws. 

Measures for the prevention and control of forest fires are discussed 
in Bulletin 6 of the Connecticut Agricultural Experiment Station, 
which may be obtained on application to the State forester. 


FINANCIAL RETURNS. 


Since management will involve different expenses and returns 
in different localities and kinds of stands, only a brief summary of the 
more general items which must be taken into account will be given. 

Every expense in management must be warranted by either an 
immediate or a later financial return, and all operations must not 
only pay for themselves but must also yield a profit on the invest- 
ment. In the case of thinnings the vrofit may be both direct, on the 
material removed, and indirect, in increased growth of the trees left. 
Tf the direct return from material removed in thinning is insufficient 
entirely to pay the expense, the difference is almost certain to be 
more than made up by the increased value of the trees left. Thin- 
nings should therefore invoive the least expense compatible with the 
best growth of thestand. The removal of underbrush and valueless 
dead trees is a needless expense without any compensating return 
either in money or, in most cases, advantage to the stand. 

Final cutting is, of course, the most remunerative operation, but 
to secure the most desirable reproduction, as previously described, it 
must often be done in a way to sacrifice immediate financial returns. 

1 This subject is discussed at length in Circular 78 of the Biological Survey, ‘‘Seed-eating Mammals in 


Relation to Reforestation,’? by Ned Dearborn, and in Forest Service Bulletin 98, ‘‘ Reforestation on the 
National Forests,’? by W. T. Cox. 
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The amount of this sacrifice and the compensating advantages should 
be weighed beforehand. 

The costs of planting or sowing when either is done are a direct 
outlay, yielding a return only in the trees removed in thinning and 
at the final cutting. This cost should be figured at compound interest 
for the length of the rotation and deducted from the estimated 
value of the stand, or the latter should be discounted to the present, 
including the value of the thinnings, and the present cost of planting 
subtracted from it. Since the investment is a long-time one and 
offers good security if protection from fire is assured, the rate of 
interest chargeable should not exceed 3 or 4 per cent. 

Proper protection of the stand involves a slight annual outlay, 
which should not exceed 2 or 3 cents per acre. This amount, together 
with accrued taxes at the prevailing rate, both at compound interest, 
must be deducted from the total money yield per acre at the end of 
the rotation. 

Stands which have been well managed, with properly made thin- 
nings and cut under suitable rotations, will yield ultimate money 
returns considerably greater than unmanaged stands. On the other 
hand, injudicious management tends toward reduced returns, possibly 
less than might be secured without management. 
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VOLUME. TABLES. 


The tables which follow show the volumes in different kinds of 
material for trees of different sizes, and are based on over 400 meas- 
urements of felled trees made in Connecticut, together with 552 
similar measurements made in New York. The stands selected were 
average ones of approximately second quality, and the figures may 
therefore slightly underrun for first quality and overrun for third 
quality. In either case, however, the discrepancy will probably be 
small. 

Since volume tables give the average of large numbers of measure- 
ments, they can not be expected to be accurate for individual trees, 
but only for numbers of trees growing in well-stocked stands. In 
applying the tables, the diameters of the trees in a stand, or measured 
portion of a stand, should be calipered or estimated, to give the num- 
ber of trees per acre of each inch diameter class. The average total 
height of trees of each diameter should then be estimated to the 
nearest 10 feet. The total volume for each inch class can then be 
found by multiplying the figure given in the table for the correspond- 
ing height by the number of trees. The sum of these products, placed 
on an acre basis, gives the total yield per acre of the stand. 


CUBIC FEET. 


The volumes in cubic feet given in Tables 38, 39, and 40 include 
stem and top wood, with bark, up to a minimum diameter of 2 inches. 
Average stump heights vary from 6 inches for small trees to 21 inches 


for large ones. 
TaBLE 38.— Volume of chestnut in cubic feet. 


Height of tree—feet. 


Diameter breast-high. 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 Bais 
Volume. 
5 Inches. Cu. ft. | Cita CUA yee Out. } Ciunft.| Cue ft. | Cisse. | (Cust. iis 
Selo Gms 2S eee ee ae eee 0. 2 0. Sol Seg oe JS] Ry A len Le cect [Pa et cen ee ge Men ie |r Le 
Sic ce Se LA aI eae : OuGueoh ea | ee ee (Pare, | ok ea eae tain 0 23 
1 OS OEE Sa cols CE DCEO SOs Ga eae iY 1.6 OX Din ne ts alorte er =| [ane Te | nee | [bo casey 12 
Shs SO io Oe en es Ee ee met 1.9 2.6 SOE | ete caters Chae eee a lates arbre eto tegetaetenerels 8 
Jon OSB OAS BORO SETAE (So. S Se pel eee eee 3h, 0 4.6 ES Gill Mes yaye os)| eyes Seed Wetofevers acer 15 
ooo Reet eRe aoe oe aed Lee cies [a aries 5.0 6. 2 RH ase dees I Gel | Sac ay ee II Gn Sa 18 
SRP nye Vn vera arapeel OAL meceeten s(t: Lek’ 6.5 7.9 9.4 Ue Op tise ee ao ee crete 16 
Oho a Ce PAIRS ea Ce RTS | rey Ae in pe 8.4 10. 1 11.8 TSEGy Ite hol eee ore 5 
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TABLE 38.— Volume of chestnut in cubic feet-—Continued. 


Height of tree—feet. 


<{ 
g 
SI 
B 
ce 


Inches. Cu. ft. | Cu. ft.| Cu.ft.| Cu.ft.| Cu. ft.| Cu.ft.| Cu. ft. | Cu.ft.| Trees. 

Oe ee Se ee Seda o een eee [See 10.5 1255 14.5 16.6 | 47.8 19.0 4 
7 (Cee ae Ee ero ee Se eee 12.8 15:3 17.9 20. 7 22.5 24.3 9 
1D eee ce re eeet 4 es Se ee 15.4 18.4 21.5 25.0 27.4 30. 0 9 
WSS oo co Sait ax cles oe ontario b a cae meee ee mena ee 18. 2 PAYS PF Fe 29.1 AVAL 2505 11 
i 0 Beek Pe ee A As (er SA en | (oes 25.0 29. 2 33.8 37.7 41.3 17 
|S eeeer ae One a Jenotod SaSbne Cd CeSAS sod Rocg sete 28.8 33. 6 38. 8 43.4 48. 0 6 
MGs. 2 Sie So Sa SRS esa | eee See Be 32. 6 28. 1 44.0 49.5 55.0 14 
| | REE aay eee Senor Deseo nod psapbase banecisee 36. 5 42.7 49.5 56. 0 63. 0 6 
NBS oo sed Sia coe ee Soe SEBES lec Seon once e enema aoe 40.5 47.4 55. 5 63. 0 70. 5 11 
WQS Se Sone ts sates Ss oa ee ones ieee ie ee ee 44.3 51.4 61.5 70. 0 79.0 6 
DOS Sie ee Se Be ARE ea a ea eee ne 49.0 58. 5 68. 5 78. 0 88. 0 4 
7A BE a Ree Oe eee scence eoccee oe eocacssc ASae sae 65. 0 io 86. 0 97.0 3 
D2 Ee Sorc Soe Hoe bee b/Seeleae Bere S ae RD eos te omeee el eeu ae apsceeemae 71.0 83.0 95.0 106. 5 4 
2 Pn a ee ae n= 2 Seen) eee eS core to saonoe toseeoes 78. 0 91.0 104. 0 117.0 5 
DATS FEE SAS SRE et os CE es eee ere Ra Rens eee eee 85. 5 99.5 114.0 128.0 ye 
Ds aa cess ose nam Soe eerlee eo oeeee mae Gee ee te eee Eee 93.0 108. 5 124.0 140. 0 2 

Total <.. eso. Sas es Ro reed Sa Ce ee | Se | ee 218 


Volumes include stem and top wood, with bark, up toa minimum diameter of2inches. Averagestump 
heights vary from 6 inches for small trees to 21 inches for large ones. 


TABLE 39.— Volume of red, black, and scarlet oak, in cubic feet. 


Height of tree—feet. 


Diameter breast- E = Total 
hich. 20 | 30 | 40 | 50 | 60 | 70 | 80 pass! 
Volume. 

Inches. Cu. ft. Cu. ft. Cu. ft. Cu. ft. Cu ft: Cu. ft. Cu. ft. Trees. 
DAC i Serre ieee Mae a Ss et RI gl 0.3 O74) Fee eee ae EPI, beet ae | Pe L 26 
iS {Ts ea Sie ak At rept Deter ine COUN ne ah. 9 10 ee Fee Se eee [oe 55 
7 PGE ita Stee ttt) |e Stn Sa 1.5 2.0 DAG) Gr ses | actin ee REESE 54 
Git Peet SRM aN Say ae se 2.4 2.9 3 61... 2 eee |. oe 46 
TYE Caeser see ears ee nea aie) Fs a a ek el (ioe ela yy oe 4.2 5.0 6.052 So = ale eee 38 
Tos ee es TS Pere Rt. RAGS. Ae ee Bink 6.6 7.6 S29O kee pees 36 
| Re Shi ea ae ee eee) Maton, Ribera eas Ber tr 1 oh 7.0 8.5 10.2 12! On Sees 11 
tees Spee Set ed | (Ree AER PES ee SSUES sae 8.7 10.9 13.0 15.2 hes 16 
QE ee ee eee es SS en ee eS 10.5 13.1 UG 18.4 21.0 24 
i bee Chee cee ees eee os nr eee Pe ae SE eee 13.0 16.0 19.0 22.1 25.2 35 
1 PI ON eR es oe ear Dg Pa i [AOR Sp 2 te os 16.4 19.7 22.8 26. 2 29.3 33 
1 ke Vicente: ee Sele ee nl ee ad a aime ee | (aS AEG 21.0 24.3 hel, 31.0 34.3 30 
ib, IS Rees eee ene eeiicn [ek ek eS MERE eat S 25.3 29.0 32.6 36.3 40.0 13 
1 eee ne ee sh ae ee eR rer 30.2 34. 2 38.1 42.0 45.8 12 
1G ee rc ae a ee le ee Oo NE eer oy eee eters Rees 40.0 44.1 48.2 52.4 5 
1 fy Garey eee PE Nn ener (Scan cient | |Meat SPSS tae ORAS Pedy re a6 SEARS SE 54.6 59.1 4 
PR 282 Pee ak Se Led oot Ni ee cke ee a oak ees ee ee 61.0 66.0 2 
LO ese ee eae ee eye pe EE Cig ae ge eyes Senet Fa 68.0 74.0 1 


Volumes include stem and topwood, with bark, up toa minimum diameter of 2inches. Average stump 
heights vary from 6 inches for small trees to 21 inches for large ones. 
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TABLE 40.— Volume of white and chestnut oak, in cubie feet. 


Height of tree—feet. 


Diameter breast- Total 
high. 20 | 30 | 40 | 50 | 60 | - 70 | 80 nial 
Volume. 

Inches. Cu. ft. (Ohsj ic Cu. ft. Cu. ft. Guat Cw. ft: Cutt: Trees. 
GEG Ne eA PR 3314) gee Sea WEP sabe i NE eS ey a ee 26 
Shy es 2 ates ale ae eee ee 9 Os ea |e lurtgneare Bh Se Ve etl aks Lace VB 1 55 
hs EE Se oe S| (ee ag aa Us 2.0 2A GiA| freee Ag ie [Icy att melee (tee cee ais A 54 
BNE 2 uc Byte Means Bi ote ee eee ee 2.4 2.9 Rae Lov eps eaten fd Te i Mi She De 46 
Bras coe lca Set eta SS 6 SN a | Har 4.2 5.0 COO | [aati oa ae  a 38 
Thom ee Set cs eR ES | ee nea ed 6.6 7.6 SNOMIRA eRe aS 36 
(Sic ey ee EE SOE Mie, re ay | a eae 7.4 8.7 10.3 PEO] | eae a ree 10 
eae en a Mag RUA =) 8 flit Eee 9.3 ill 13.5 16.0 18.9 2 
Ue sapere = Bis a oa TS bse ne esa | a ra en 11.2 13.7 16.5 19.5 22.6 8 
ThA RC Pee ARUae ae Ie” Vi SU anomie AU. Oe ie | ete: 13.3 16.5 19.8 Zane 26.8 14 
TED ne Soc: Boge ad i Une gle illo: Ora Pe fa ee a INS. 7 19.3 Pais Ds 2 31.4 1 
US. 21d Sete epee Seca Mee aly eH Be ee || ae ra Dee Pe Pe 22.4 26.9 Seo 36.3 2 
1h a eh ee BE SA ee I | Senn aa oo re a 25.9 31.0 36.3 41.6 1 
UR SS Soe ok eS Se eR Ee Eee han aN aati BES Ra Wagers an BL tah Te ge 35.5 41.7 ASS el eee eae 
Ue nbc techie Use as eee eal [RPE 5). SAS Mmi ema: tS er! be eater DRC a 40.5 47.5 yO) lo Se eens soe 
INOUE Be oe Sills ae UR TRS i is Na a a el a ep CSU | (cL | VST RN | ee eg 293 


Volumes include stem and topwood, with bark, up toa minimum diameter of 2inches. Average stump 
heights vary from 6 inches for small trees to 21 inches for large ones. 


CORDWOOD. 


In place of a volume table for cordwood, a table of cordwood 
converting factors (Table 41) showing the number of cubic feet per 
cord by inch diameter classes, breast-high, is given. 

To obtain these factors, the average solid-wood contents of a large 
number of stacked cords—128 cubic feet—of mixed round and split 
4-foot wood was determined by adding together the volumes in 
cubic feet of the sticks composing them. The average middle diam- 
eter outside bark of the sticks in each stack was obtained at the same 
time. The volumes in split wood were determined by measuring 
the sticks before they were split. On the basis of these figures a 
curve was drawn on cross-section paper, from which the average 
solid contents for cords composed of round or split sticks varying in 
diameter from 0.9 to 10.6 inches were read. To apply these factors 
to trees of any breast-high diameter, it was necessary simply to 
determine the average middle diameter outside bark of all the 4-foot 
sticks into which the tree could be cut. 

The figures are conservative, since they represent a larger number 
of cubic feet per cord than would probably be obtained in the average 
stack of mixed hardwoods, including branchwood, and in practice 
would therefore probably slightly underrun the actual cordwood 
volume. 

The converting factors were used in the construction of the cord- 
wood yield table (Table 26) and of the growth tables (Tables 30-33). 
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In each case the yield per acre in cubic feet was divided by the 
converting factor corresponding to the breast-high diameter of the 
average tree in the stand. 


TABLE 41.—Converting factors for second-growth hardwoods, by D. B. H. classes, with 
corresponding diameters of the average 4-foot stick in the tree or in the stack. 


_ Chestnut. Black oaks. White oaks. 
Diameter breast-high. Diameter | Cubic | Diameter | Cubic | Diameter | Cubic 
average | feet average feet average feet 
stick. per cord. stick. per cord. stick. per cord. 

: Inches nana : Inches Inches 

DS an oS idk MPN a Bega ot 1.8 63 1.8 63 1.8 63 

Oe ose seat Sena see ase 2.6 7 2.5 69 2:5 69 

Aus ects See Soe ete oe 3.3 75 3.1 74 anil 74 

Davee ss 2 ey A Se ee ee 4.0 79 3.6 77 3.5 76 

Gi icee tek Bien sl. PAS ee ee 4.7 83 4.1 80 3.9 79 

Db ee aes Some Renan ce Fe Ee Soe 5.2 85 4.5 82 4.2 81 

BS cS aye 5 insane Soa Ry 5.8 88 4.8 84 4.5 82 

| Seas es SUBS Ooo e ee eae sea at 6.2 89 5.0 85 4.7 83 
A222 pe a sae hee eee 6.7 91 5.3 86 4.9 84 
1D SACS EUS aes Sere 7.0 92 5.4 86 5.0 85 
1 aS eue ese ene eee See 7.4 93 5.6 87 5.1 85 
1 Beas es ES ae ea ls teeta e Cat! 94 5.7 88 5.2 85 
De gy ee sly i rs ac aged ae 7.9 94 5.7 88 5.2 85 
eee Sees eee e ee ee es 8.2 95 5.8 88 5.3 86 
Ne aaron oe Pete eee ene cer. 8.4 95 5.9 88 5.4 86 
G2 8 Sr wic Hes Se ae eee A Ee 8.5 95 5.9 88 i) Loe eee eee eee 
LSS ee ee i hee a ae ee ee 8.7 95 6.0 89"|.s. 5:2 See ee 
1S Oe ree aie set eae 8.9 96 6.0 89) 5 ea eee 
DEE Se Re eh REE 9.0 9652S 22805. SL eRe SE ee ee 
Rete aL ee hare 9.2 96))5.- 2250. le ee |e a 
DD ete SAO AINA R IOS felis wee 9.3 OGM 2s cS 2S 0 2 EER 22 = RRS eet eee eee 
1 em PSS ONE Seon EEE Doe eS 9.5 OF | eas 5 ses co fact ct Gao ee eee ee 
DA rene Ny Te eee ae 9.6 OT sacs ES ok ee ee ee 
PA Sctercie ARC ea, Ba AAT ICO CREE = 9.7 OF Nein yo JP Se cod | se ee eee oe ee ee 
74 Oo Ro SOE Se eee tees 9.8 OF |e SS See Sa Ee ee | ee er 
PA | SE cia ih Meee ee, BAIS 10.0 UG eee oS Hens os ase se. sak eearien eae OSE OS 
Tae N Ss HA eae a ae ek a oe ET a otis 10.1 OF |e ee ose olen ae Sone ee ee oe 
VA eae O Nes oe IE 10.2 QF) Sas Be as Ree eR I re A a ec 
BOL. Premade eer oR do ed 10.3 O75 2 FE A SE Oils oe 
I ASaocuaeee ot So eee eee ee 10. 4 OT Jickciccs ccc wee ke 8 lS eee ee 
Soe ete cio Renae ee ae eee 10.6 OB" |-e oso s ee en [Re Sees oe oe ee ee | ee ee 

LUMBER. 


The volume tables for lumber are based on the diameters inside 
bark and length of logs cut from trees of various sizes. Scaling was 
done by the International rule,! reduced 10 per cent to allow for the 
wide kerf cut by the circular saw of the average portable sawmill. 
The volume in cubic feet left in topwood and branches after logs have 
been removed is also given. This may be reduced to cords by divid- 
ing by 80, a conservative factor. In practice it is best to total the 
cubic feet remaining per acre before reducing to cords, rather than 
attempt the reduction for individual trees. 


1 This rule is described and printed in H. S. Graves’s Forest Mensuration, pp. 35-38, and in Austin 
Cary’s Manual for Northern Woodsmen, pp. 137 and 232. 
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TaBLE 42.— Volume of chestnut in lumber. 


Height of tree—feet. 


4 # Diam- 
50 60 70 80 90 eter 
Diameter : (in- : 
: side | Basis. 
breast-high. Voiume. bark) 
of 
top. 
Lum-| Top- | Lum-}| Top- | Lum-| Top- | Lum-| Top- ; Lum-| Top- 
ber. | wood.| ber. | wood.| ber. | wood.| ber. | wood.| ber. | wood. 
Inches Bd. ft.| Cu.ft.| Bd. ft.| Cu.ft.| Bd. ft.| Cu.ft.| Bd. ft.| Cu.ft.| Bd. ft.| Cu.ft.| Ins. | Trees. 
(0 cP Le ee 10 5.8 15 6.9 22 SHOs 2 oes cen elec ecole eos: i 5 
QRS SARs TS 26 5.2 32 6.2 40 ‘fait 48 6.9 56 6.6 Uf 4 
le os ne Be eee 42 4.9 50 6.2 58 7.2 69 (es 80 7.0 8 9 
Lee ee alert ey are 58 4.8 68 6.1 78 (fae) 92 aS 107 Toll 8 9 
1 a Peete EE Lr ee 74 4.7 87 6.1 100 Tats) 116 7.6 133 7.8 8 11 
AR sion 8 Aoi 8p 92 4.6 107 6.2 122 7.6 141 8.4 160 8.6 8 17 
UG eS See ee 110 | ° 4.9 127 6.6 147 8.2 168 9.0 190 9.8 9 6 
GaGa a eae Serer 129 pel 150 6.9 172 8.7 196 10.0 222 11.3 9 14 
iV compQb ean SSeee SES eE ee Baseaee 174 6.9 200 9.3 PPX || 255 | 13.5 9 6 
1S Oca S OS Se See Saas Eames 198 6.9 227 | 10.0 257 | 12.6 291 | 15.0 10 11 
Ue) copter bos CBee MERGES Te eeee 223 6.9 Abs | > Alto), a 292 | 13.6 328 | 17.0 10 6 
PAD). 5S ANS CR 9 Fed | ede a bee ue ae 250 ee 288 11.6 327 a2, 368 19.2 10 4 
ib os os ee cma a | fee es al a ne 276 7.9 SL Sa | Rel 2a 363 | 16.8 409 | 21.4 11 3 
PPS esis aie LN ne i 305 7.9 350 | 13.8 400 | 19.1 451 | 23.7 11 4 
Daas oh Nae ea 5 ha [Ee aie |e ea oe 333 8.5 385 15. 2 440 21.3 493 27.0 ill 5 
7s Made MN ea 363 9.2 420 16.8 479 24.3 538 31.0 12 2 
SV Ba SEBO Keane Eso EEA ee eee 396 9.7 457 18.7 520 Ale? 583 35.8 12 2 


Ten per cent deducted for circular saw kerf. 

Note.—The volume in “topwood’’ (top and branches) was obtained by subtracting the aggregate © 
cubic volume of sawlogs to a top diameter of 6 inches, inside bark, from the total used volume of the tree, 
in cubic feet (to a minimum diameter of 2 inches, outside bark). 


TABLE 43.— Volume of red, black, and scarlet oaks in lumber. 


Height of tree—feet. 


50 | 60 70 | 80 Diam- 
eter 
Eoeameter bicast- (inside | Basis. 
Si. Volume. bark) 
of top. 
Lum- | Top- | Lum- | Top- | Lum- | Top- | Lum-| Top- 
ber wood ber. | wood ber wood ber wood 
Inches Bd. ft. | Cu. ft.| Bd. ft. | Cu.ft.| Bd. ft. | Cu. ft. | Bd. ft. | Cu. ft. | Inches.) Trees. 
Genes ee remiss oF 14 6.4 17 8.0 21 Co (3) || ee a a MO Uf 16 
LQ) -S evan Bsr selene reer 24 6.8 30 8.2 38 9.7 49 10.5 7 24 
Me ee eicerrsaticinies 35 Gas 45 8.8 56 9.8 68 10.5 8 35 
A Bake es ae 48 8.5 60 9.4 75 10.2 89 10.6 8 33 
1B: cep ee Gees eee 62 10.1 77 10.8 94 10.9 113 10.9 8 30 
1d bets Bley Se ee ee ee 78 11.4 96 11.9 117 11.9 140 1 7 9 13 
1S Ae Ae OPC eee tae 95 12.9 117 ik} 3! 141 13.0 168 IPA 9 12 
TG ee a ee 114 14.9 140 elt 168 14.2 198 12.9 9 5 
Ii soe aR tS Strc.e bee eis (GOO Ee pital eee SE (Enea eed | eee 195 15.6 229 13.4 10 4 
Ose cab Se GORA E SSA peels eee AN take tee (aeien terse Peer 224 16.9 263 13.9 10 2 
1D che cde Oe ee Ree ce ae IEE Prete || eae eee 4 een a 254 18.7 300 155 10 1 


Ten per cent deducted for circular saw kerf. 


Note.—The volume in ‘topwood’’ 


(top and branches) was obtained by subtracting the aggregate 


cubic volume of sawlogs to a top diameter of 6 inches, inside bark, from the total used volume of the tree, 
in cubic feet (to a minimum diameter of 2 inches, outside bark). 


23329°—Bull. 96—12 
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TaBLE 44.— Volume of white and chestnut oaks in lumber. 


| Height of tree—feet. 
eee se ete ene a ee ee re Pt =) 
| 4 | ‘ 
eta eT od 30 | 60 70 Ee 
iameter breast- (inside : 
high. ere Sey TS TS TS Se Al eae ae 
| Volume. . | of top. 
! 1 
Lumber. |Topwood. Lumber. Topwood.| Lumber. Topwood.| 
| 
Cu. ft. | Bd. ft. Cu. ft. | Inches. Trees. 
| Tok | 30 9.2 | 7.4 fl 
7.8 | 47 9.4 | (ees 8 
8.1 | 66 9.4 8.0 13 
8.2. | 85 9.5 8.3 1 
8.5 | 107 | 9.7 | 8.6 2 
8.6 | 130 | 9.9 8.9 1 
8.9 | 156 | 10.3 | 9.15 beeen 
9.4 | 180 10.8 | 9.4 -hcccncuuce 
| 


Ten per cent deducted for circular saw kerf. 

Note.—The volume in ‘“‘topwood’”’ (top and branches) was obtained by subtracting the aggregate 
cubic volume of sawlogs to a top diameter of 6 inches, inside bark, from the total used volume of the tree, 
in cubic feet (to a minimum diameter of 2 inches, outside bark). 


TIES. 


Tables are for first-class ties only. They are based on the measure- 
ments described under ‘‘Lumber,”’ converted into ties by applying 
data contributed by Mr. T. 8S. Bristol and Prof. R. C. Hawley, on 
the tactual mill run, in ties, of logs of various sizes. The cubic fee 
remaining in the topwood may be converted into cords as described 


under ‘‘Lumber.”’ 
TABLE 45.— Volume of chestnut in ties. 


Height of tree—feet. 


50 | 60 | 70 | 80 | 90 
Diameter | 
breast- Basis. 
high. Volume. 
: 
: Top- Top- : Top- : Top- | . Top- 
Ties wood Ties wood. Ties wood Ties. wood | Ties. wood. 

Inches. No. Cu. ft. No. Cu. ft. No. Cu. ft. No. Cu ft. No. Cu.ft. | Trees. 
Les 5-2 1 9.0 1 10.3 1 11.1 1 10.5 3 9.5 4 
1; eat Ea 1 | 8.2 is 9.6 2 10.7 2 10. 4 4 9.8 9 
hig hr eae aed | nee 2} 9.0 a erie 31-103 rg ee 9 
1 Fences ge 3 6.9 3 8.3 3 9.7 4 10.0 5 10. 2 11 
14s one 3 6.2 3 7.8 5 9.4 5 10.0 8 10.3 17 
1528 Scio 5 | 6.1 5 a8 5 9.3 6 10.0 9 10.7 6 
1662528: ss 6 | 6.0 6 dst 7 9.1 7 10.2 9 11.2 14 
1 Pe eee eee 6 6.7 8 9.0 8 10.7 10 12.7 6 
AG eee Re eee eves 7 5.9 8 9.2 9 Mts5 11 13.5 11 
1 | ere ee SEE cee? Seeds Ges. < 7 5.6 8 9.2 10 ADet: 12 15:3 6 
QO eke bee Guedes See 8 Duk 10 9.9 11 13.5 13 17.3 - 
DA itiat cmenceeet 'y Map ahead Exar ee 9 yE 10 10.3 11 14.7 14} 19.4 3 
De eee CAT |= fee A a een 11 4.5 10 10.9 14 16.8 dh At Nie bes 4 
7H Ny es See | | ees ee Te een ee 12 4.4 12 11.8 14 18.8 Eh | > ae 5 
PA ea ee ek ake ee Seepee 12 4.7 13 toon 15 21.6 19 | 29.1 2 
DO Ree sea tail os cess lees oeioe 15 4.9 | 15 14.8 | 18 24.4 21 34.0 2 


All first-class ties, 6 by 8 inches by 8 feet. : : 

Note.—The volume in “‘topwood”’ (top and branches) was obtained by subtracting the aggregate cubic 
volume of tie logs to a minimum top diameter of 9 inches, outside bark, from the total used volume of the 
tree, in cubic feet (to a minimum diameter of 2 inches, outside bark). 
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TaBLE 46.— Volume of red, black, and scarlet oaks, in ties. 


Height of tree—feet. 


50 60 70 80 
Diameter Le ae ee a le a I I 5 
breast-high. Basis. 
Volume. 
Ties. |Topwood.| Ties. |Topwood.| Ties. Imoperood: Ties. |Topwood. 

Inches. No. Cuatt: No. Cu. ft. No. Cute. No. Cu. ft. Trees. 
UGE SE Se re tee 1 8.4 1 10.8 1 12.9 1 15.0 24 
UD crete cichvae ine «i= elawic i+ 1 9.0 1 10.8 2 12.6 2 14.2 35 
Were ees trey mjnie nicvatalayeie 2 9.8 2 Tikal 2 12.6 3 Teall 33 
Dok os cictciajaty <n <:aerone's 2 bie t 2 12.2 3 12.7 4 12.5 30 
Ue ee Ge Orme ee 2 12.3 4 13.0 5 13.1 5 12.4 13 
UE erore ettayete ian cite ics 4 13.7 4 14.0 5 1350 7 1252 12 
LGA OOS Buy See are 4 UGS ¢/ 4 15.3 6 14.2 7 ilp7 1! 5 
Mere tercrershiieie ce crarerere [aici dieters | aeiorare nace seinem |etese te cet 7 14.6 8 12.1 4 
US rept ete ae ays ey stare fla yah toe oi at | eves Pano nckcnne val sferanst os wie listens Biomict 8 14.8 10 11.5 2 
TI Sh cE Sars Ae ete es HA I ten (oe |e eee 8 15.2 11 11.8 1 


All first-class ties, 6 by 8 inches by 8 feet. 

Note.—The volume in ‘‘topwood” (top and branches) was obtained by subtracting the aggregate cubic 
volume of tie logs to a minimum top diameter of 9 inches, outside bark, from the total used volume of the 
tree, in cubic feet (to a minimum diameter of 2 inches, outside bark). 


TaBLeE 47.— Volume of white and chestnut oaks in ties. 


Height of tree—feet. 


50 60 70 
Diameter breast-high. SS En oP | Basis; 
Volume. 
Ties. |Topwood.| Ties. |Topwood.| Ties. |Topwood. 

Inches. No. Cu. ft. No. Cu. ft. No. Cu.ft. | Trees. 
100%. co06 COSHO ORE OD aE OEE anaaeeae 1 9.7 1 ihe 1 14,1 8 
Leo rarectetatekeravaiers,<(c\eus s/aisieie Sieicieis side 1 9.2 1 11.5 2 1355 13 
Bee mictateietaleloler= aie sisvsteicisiecisictelaicd.n 2) 8.9 2 10.9 3 12.7 1 
1B). So GESCO OCOD OO CODER DOS ae toe 2 (fe? 2 9.7 3 ik ¢ 2 
Ls SORe GO US OO OOO EaIC CEE Ee ene 4 5.6 4 8.7 5 Tile 1 
eee oars core Oe acc eal serslles ce soec|esccose nes 4 8.0 6 NOXGH | Bees 
We cedgcde Cle SSeS GSC ae HE eer Se emma [perenne Sean 5 7.8 6 LOSS ese 


All first-class ties, 6 by 8 inches by 8 feet. 

NotEe.—The volume in ‘“‘topwood” (top and branches) was obtained by subtracting the aggregate cubic 
volume of tie logs to a minimum top diameter of 9 inches, outside bark, from the total used volume of the 
tree, in cubic feet (to a minimum diameter of 2 inches, outside bark). 


POLES. 


Volumes for chestnut alone are given, since this is at present the 
only hardwood species accepted for poles. The volumes are based 
on average taper measurements on the trunks of 75 trees, and are 
according to the specifications given on page 18. The volume in 
additional cordwood can be determined approximately from the 


cubic-foot volumes of topwood in the manner described under 
“Lumber. ’”’ 
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TABLE 48.— Volume of chestnut in poles. 


Height of tree—feet. 
Bieter 50 60 70 80 90 : 
a Gea fas ge Sa oe scare Masini th eels Basis. 
= : 2 S fee 
Length) Venn. Length on Length gh anes Length| Vole Length Vino 
of pole. | Onde of pole. earl of pole. aaa eh all paren, aaa 
Inches Feet. | Cu.ft.| Feet. | Cu.fi Feet. | Cu.ft.| Feet. | Cu.ft.| Feet. | Cu. ft Trees. 

Soe oes 25 3.5 25 6.6 25 9.9 25 12.0 23 14.2 il 
LARUE ae ee 30 1.4 30 5.0 30 8.8 30 11.4 30 13.3 17 
1G geese 38 5s Soe 35 3.5 35 ET 35 10. 4 35 12.5 6 
1G ee oe eo oe ee et ee | ee oe pee ee 40 6.7 40 9.2 40 ih} 14 
17 (eae cl [epee | eee Pe ne pe ert bree 40 8.0 45 8.1 45 10.6 6 
1B Seon cs a mic meters Se ne acetate oe aeeeaee 45 5.0 30 7.3 - 60 9.0 il 
1h ee ees eee Sen) ee be Aen Serie ele are | Sess Sel oe ee eae 55 8.0 6 
2, pe 9 ee a LR poe Joes | Beata os | Soy 60| 7.2 4 


Poles scaled according to specifications given on p. 18. 

NotEe.—The volume in “‘topwood”’ (top and branches) was obtained by subtracting the cubic volume of 
ee pole from the total used volume of the tree, in cubic feet (to a minimum diameter of 2 inches, outside 

ark). 


YIELD OF INDIVIDUAL OAK AND OAK-CHESTNUT STANDS. 


In the absence of sufficient data for yield tables in lumber and ties 
for the oak and oak-chestnut types, the following tables which show 
the actual results of measurements in stands of these types are given. 
Where two stands were of the same age, their yields were averaged; 
otherwise no attempt was made to average them. The volume in 
cords remaining was obtained by dividing the cubic feet remaining 
by the converting factor in Table 41 corresponding to the average 
diameter breast-high of the stand. | 
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